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a INTRODUCTION. 


_ For some years past, certain areas of the approach channels to the Port 
of Rangoon appear to have been deteriorating to an abnormal extent, a 
_ process which would threaten the prosperity of the Port if continued 
 unrelieved and unchecked. 
; In 1929 the Port Commissioners invited Sir Alexander Gibb and 
_ Partners to state their views regarding a programme for future study and 
observation of the approach channels across the Outer bar. Field surveys 
and investigations were started, and in 1931 it was decided to complete 
these by means of tidal-model experiments. 


ConDITIONS IN THE JRRAWADDY DeLtTa AND Rancoon Estuary. 


_ The present Paper describes the tidal-model experiments only, but, to 
provide a clear picture of the whole problem, some introductory information 
about the conditions of the Rangoon river is given, . 

_ Rangoon, the capital of Burma, is situated upon the left bank of the 
Rangoon river, 25 miles from its mouth at Elephant Point (Fig. 1, Plate 1). 
“The river provides deep-water connexion with the sea and with the thou- 
sand or so miles of navigable waterways in the Irrawaddy delta. Rail- 
_ ways and roads connect Rangoon with districts not served by natural 
_ waterways ; the city is the commercial centre of Burma, and now handles 
- 90 per cent. of its overseas trade, 

The port is administered by a Port Commission, whose jurisdiction 
4 


‘1 ‘Correspondence on this Paper can be accepted until the 15th August, 1939.— 
no. Inst. C.K. 
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extends over the river from about 10 miles above Rangoon to about 10 
miles south of Elephant Point, and also covers the entrance to the China 
Bakir river, another navigable mouth of the Irrawaddy (Fig. 1, Plate 1). 
The upland waters of the port of Rangoon are provided by the Irrawaddy 
river and by the Rangoon river. . : 

The Irrawaddy drains an area of about 160,000 square miles. Owing 
to the monsoon it is subject to wide variations of flow, and to heavy floods 
in its lower reaches. Its headwaters run through districts of fairly hard 
geological formation, and above Mandalay the silt-content of the river is 
comparatively light. The lower tributaries, however, rise in softer areas, 
causing the silt-contents to become appreciable, and as a result, the 
Irrawaddy has built up a delta (Fig. 1, Plate 1), which starts near Henzada, © 
150 miles from its present mouths. The Bassein and Rangoon rivers are 
its western and eastern extremes, and the coastline between their mouths 
is about 160 miles long. The area of the delta is 21,000 square miles, 
of which about one-third is drained by the Rangoon river. 

The Rangoon river (in its upper reaches known as the Myitmaka) 
rises in the Inma lake and flows parallel with the Irrawaddy, often at 
distance of only a few miles. Lower down it is known as the Hlaing, until, 
within a few miles of Rangoon, it becomes the Rangoon river. On its 
left bank are the Pegu Yomas, hills formed of soft clay and sandstone, 
and the numerous tributaries from these hills bring great quantities of 
silt into the Myitmaka-Hlaing during flood seasons. 

Both the Irrawaddy and the Rangoon rivers have several inter- 
connexions, as the map shows ; some are permanent, some seasonal. During 
the Monsoon season there is a large transfer of water from the Irrawaddy ; 
this transfer is, at its maximum, greater than the whole run-off from the 
catchment area of the Rangoon river. About 4 miles above Rangoon 
the Rangoon river is joined by the Panhlaing creek, by which at all seasons 
it receives water from the Irrawaddy. The Pegu river, draining about 
2,000 square miles of the east slopes of the Pegu Yomas, enters just below 
the city of Rangoon. 

It is necessary to emphasize that the upland water discharge down the 
Rangoon river is derived from these very different sources, and that the 
conditions affecting the regime of the river vary greatly between the 
different seasons. oa 

The formation of the Rangoon river seems to be of very recent growth, 
since during the sixteenth century the outlet of the Myitmaka-Hlaing river 
was via the lower part of the Pegu, which discharged further east, close 
to the present mouth of the Sittang. The Rangoon river in its present, 
alignment certainly existed by the middle of the seventeenth century, 
but only became navigable in the latter part of the eighteenth century. 

The discharges of water and of silt down the Myitmaka-Hlaing and 
Panhlaing rivers were gauged in 1912-15 by the late Mr. E. C. Niven, 
M. Inst. C.E., then Executive Engineer to the Port, and again in 1930-33 
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_ during a hydrometric survey made by the Port Commissioners’ technical 
officers. The figures show that during the dry season the average dis- 
charge down the Rangoon river is about 12,000 cusecs ; this increases to 
about 170,000 cusecs during the wet season, while peak floods may bring 

__ the total to about 300,000 cusecs. 

Typical results of the silt gaugings at the Kemmendine gauging station 
. eo the junction of the Myitmaka-Hlaing with the Panhlaing), are as 
ollows :— 


Content of dry silt: grains per cubic foot of water. 


Ebb tide. Flood tide. 
¢ Dry season: Neaptides . . . . . . « 579 672 
pring tidesaine sg Stet ee 1,050 1,052 
Nionsoon.:, © Neap tides... = «61 2). 256 185 
Syolehe Pints Eis vg Sphea eac Saw es 290 206 


_ The silt-contents are obviously fairly high, and the other mouths of the 
_ Irrawaddy also carry much suspended matter. 
- — The Sittang river! must also be mentioned, although it is not directly 
_ connected with the Rangoon. Lying east of the Irrawaddy delta, it drains 
_ a total area of about 13,500 square miles into the head of the Gulf of Marta- 
ban. Its discharge, estimated from rain-gauge readings, is about 8,000 
__eusecs during the dry weather and about 150,000 cusecs during the monsoon, 
_ when it carries a very great deal of fine silt. Its mouth is blocked with 
uncharted shoals, navigation is practically impossible, and there is a bore 
_ sometimes reaching a height of 6 feet. As a result, very little information 
_ is available about the river. Its importance in the present connexion is 
due to its effect on the tides near the mouth of the Rangoon river and its 
__ production of shoals in the head of the Gulf of Martaban. 
The general depth of the Gulf of Martaban is less than 20 fathoms, 
~ most of it being less than 10 fathoms deep at low water. The head of the 
_ gulf is uncharted, but is known to be shoaling fairly rapidly, and the 
~ coastline is advancing at the rate of about 3 milesa century. The tidal 
wave flows up the gulf in approximately a north-west-south-east line, 
- travelling at about 14 knots, and giving rise to streams which may reach a 
_ velocity of 7 knots, and which, in the northern part of the gulf, run parallel 
- to the coastline. The converging coastlines cause a rapid increase in 
- the range of the tidal wave as it passes eastward. The spring-tide range 
is 18 feet at Elephant Point, and 22 feet at the head of the gulf, and the 
 neap-tide range varies similarly. The tidal wave shows a marked diurnal 
variation which may lead to a difference of as much as 4 feet between the 
ranges of successive tides. 


at 1 J.M. B. Stuart, _* The Sittang River and its Vagaries.” Inst. C.E. Selected ~ 
_ Engineering Paper No. 127. 1932, 
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Fig. 2, Plate 1, which shows the Rangoon river seaward of the port, 
is based on the Port Commissioners’ survey of 1932. It will be seen 
that the river meets the sea at Elephant Point, where it has a width of 
about 3 miles at high water. About 6 miles above this point, the channel 
is divided into two arms, separated by a shoal known as Middle bank. 
The easternmost of these channels continues straight out to sea, main- 
taining a south-easterly direction. The western channel starts roughly 
parallel to the eastern channel, but at Elephant Point it turns, somewhat — 
abruptly, to the south-west, and runs across a shallower area to deep water. — 
It is this shallower area lying south-west of the mouth of the river that is _ 
known as the Outer bar. The sands separating the seaward ends of these 
channels are known as the Eastern sands. 

The eastern channel is straight, and has at present a depth of 24 feet 
at low-water, but it is narrow, and is subject, when the eastern sands are 
covered, to a cross tide approaching 6 knots at spring tides. Ships must 
therefore use the western channel, which has an average ruling depth of 
about 19 feet at low-water spring tides, sufficient for all ordinary traffic 
of the port. 

Though the general topographical regime of the Rangoon river has 
remained unaltered for a very long period, there have been, at any rate 
since 1875, noteworthy changes in individual features. The main changes 
are :— 


(1) The west bank of the river at Elephant Point has been eroded 
continuously, and there has resulted a marked straightening 
of the 6 miles of western channel immediately above Elephant 
Point, and a widening of the river mouth from about 2 miles 
in 1875 to about 3 miles in 1932. ar or 

(2) This erosion has been accompanied by a steady widening in the 
Middle bank, so that the cross section of the western channel 
has remained very nearly unchanged. : 

(3) The Middle bank has extended lengthwise in both directions, — 
and is now practically connected with the eastern sands, __ 

(4) Elephant Point, and the high-water mark along the China Bakir 

flats, have advanced seawards by about a mile. 

(5) The eastern channel has steadily narrowed and has swung 
slightly to the east. 


_ In spite of these changes, the access to the port remained without 
serious threat until about 1910, when the Outer bar first began to 
deteriorate. By 1931, when the Commissioners decided to construct a 
model, the ruling depth over the Outer bar ranged from 12 feet to 15 feet — 
at low water (over a width of between 5 and 7 miles). - Though there is 


here eee ring tide range of 18 feet, any further deterioration would greatly 
handicap shipping. pe teliey 
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/ Design, CONSTRUCTION, AND ADJUSTMENT OF THE MODEL. 


When model-investigations were proposed, there were in operation in 
Great Britain tidal models of the Severn 1 and Mersey estuaries, constructed 

- by Professor A. H. Gibson, D.Sc., M. Inst. C.E., who had also con- 
structed a model of the Humber. Further afield, Mr. John McClure, 
B.Sc. (Eng.), M. Inst. C.E., had constructed a model of Bombay harbour 
in which he successfully investigated problems relating to dredging, silt 
distribution, and the travel of sewage 2; and Mr. W. C. Ash, B.Sc. (Eng.), 

_ M. Inst. C.E., had adopted model experiments to study construction and 

_ dredging problems in the port of Vizagapatam3. Similar experiments with 

models had been made on the Continent, and in the United States of 
America. 

Although the design of the Rangoon model owed a great deal to these 

experimenters, it was necessary to make certain material departures from 

_ previous practice. The channel which it was intended to study lay not, 

_ in a river but in an open tideway, and was subject to the possible influence, 

~ not of one river, but of a number, forming a complex delta-system ; further, 

conditions in these rivers were subject to important seasonal fluctuations. 

The foregoing description of the delta-system in which the Port is situated 

shows the complexity of the problem of analyzing the appearance and 

growth of the Outer bar deposits, which might possibly be ascribed to one 
or more of the following causes :— 
(1) Silt brought down by the Rangoon river. 

‘ (2) Silt falling into this river as a result of continual erosion of its 

a. western bank near Elephant Point. 

(3) Silt brought down by the other mouths of the Irrawaddy and 
washed eastwards by tidal streams. 

(4) Silt brought down by the Sittang, possibly increased in amount 
or altered in distribution by the sudden changes of 1906, when 
the Alok cut was formed. 

(5) Changes in the tidal streams due to the widening, straightening, 
and other changes in the Rangoon river mouth. 

(6) Other unknown factors. 


__ -The purpose of the tidal model was to find the cause of the growth of 
the Outer bar, the extent to which it would probably develop if left un- 
checked, and the most economical means by which a permanent navigable 
channel could be maintained through it. In order that all the important 
factors should be represented, and all disturbing effects due to artificial 
- boundaries as far removed from the Outer bar as possible, it was decided 


: 1 A. H. Gibson, “ Construction and Operation of a Tidal Model of the Severn 
_ Estuary.” H.M. Stationery Office, London, 1933. 

2: J. McClure, ‘‘ Bombay Harbour Survey and Tidal Model.” Minutes of Proceed- 

_ ings Inst. C.E., vol. 232 (1930-31, Part 2), p. 66. ee 
5 4 3 W.O. Ash and O. B. Rattenbury, “ Vizagapatam Harbour.” Journal Inst. C.E., _ 
~ vol. 2 (1935-36), p. 235. (December 1935.) 
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that the model should include as large an area around the Outer bar as _ 
was practicable; the tidal compartments of the Rangoon, China Bakir, 
and Sittang rivers; and the Bassein creek and Twante canal connecting 
the first two of these rivers. Within this area it was intended to reproduce — 
those natural phenomena which might be considered to have any bearing 
upon the problem. These were :— 

(1) The tidal wave in the Gulf of Martaban, including the spring- 
neap cycle and diurnal variation. 

(2) The flows of water and of suspended silt down all rivers within — 
the modelled area, and the littoral drift of silt into that area 
from the rivers which lie to the westward of it. 

(3) The erosion of certain stretches of the coastlines, and the travel 
of silty material from this source. 

(4) The accelerated settlements of silt deposits under the influence 
of saline sea water. 

(5) The seasonal variations in the water and silt discharges, and the 
effect of the south-west monsoon wind. 


The Governing Committee of University College, London, most 
generously placed a large basement at the Commissioners’ disposal, and the 
engineers were given the fullest opportunity of co-operating with the 
Staffs of the Engineering, Chemical, and Physical departments of the 
College. Two rooms were adapted, each about 40 feet by 60 feet; one 
to accommodate the model, the other being retained as workshop, store- 
room and office. This accommodation permitted a suitable area to be 
reproduced toa scale of 9 inches to 1 sea mile, or 1 : 8068. The vertical 
scale was derived from the empirical formula obtained by Professor Osborne 
Reynolds, which gives a relationship between the actual tide range in 
an estuary and the vertical scale exaggeration in its modell. From 
these two linear scales, the time-scale is evolved by use of another empirical 
formula of Professor Reynolds, which determines the ratio between the 
actual and model tidal-periods. The remaining scales of horizontal and 
vertical velocity follow directly from the time-scale and the two scales of 
length. These principles have been adopted in Great Britain in all tidal 


models as yet constructed. In the Rangoon model, the various scales 
were :— 


Length 1 : 8060 horizontal and 1 : 192 vertical. 
Time: 1: 583. 

Velocity: 1: 13-85 horizontal and 3-04 : 1 vertical. 
Volume : 1: 12,500 x 10°, 

Discharge: 1: 21:5 x 108 


Osborne Reynolds, ‘‘On the Action of Waves and Currents.” Scientific Papers, 
‘Vol. 2, p. 380; also L. F. Vernon-Harcourt, ‘The Principle of training Rivers 
through Tidal Estuaries, as illustrated by Investigations into the Methods of Im- 
proving the Navigation Channels of the Estuary of the Seine.” Proc, Roy. Soe. 
vol. XLV (1888-89), p. 315. Sine 
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Fig. 3, Plate 1, is a general plan of the model as constructed. It was 
moulded in a special wooden tank lined with asphalt, laid on felt and 
expanded metal. The tank had sides 15 inches high and was of an 

irregular shape on plan. The floor and sides were supported on a sub- 

_ stantial wooden framework, whose supports passed through the existing 
wooden floor of the laboratory on to solid foundations beneath: every 
care was taken to avoid settlement or distortion which would affect the 
results of working the model. Fig. 4 is a typical section through the 
model, giving constructional details. 

4 A chamber was formed at the western end of the model tank to 
accommodate the plungers of the tide generator, and a drain at this end 
enabled the whole model to be emptied. A second drain was provided 


Fig. 4. 
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Floor-level 


ae 
at the opposite end, for the weir governing the mean tide-level. The 
~ orientation of the tide-chamber was decided after a study of the directions 
~ of actual tidal streams, and after some brief experiments with a small 
replica of the wooden tank intended to contain the model. The model 
- was filled by a 2-inch diameter connexion to the main. For survey, and 
‘other work, a travelling gantry was provided, which spanned the shorter 
dimension of the gulf area of the model. This gantry carried a 19-foot 
_ straight-edge used for survey, and could be moved along two rails formed 
of mild-steel angle, permanently fixed to the wooden framing of the model. 
Teak datum rails, accurately levelled, were provided along each side of 
the gulf end of the principal rivers. Where these rails spanned river 
mouths, moveable sections were fitted. 
‘The model tidal wave was generated by displacement plungers, operated - 
_ by a mechanism similar to that previously used by Professor Gibson, part: 
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_ of the machinery being, in fact, obtained from one of his disused models. 


The tidal machinery is illustrated in Figs. 5 and 6. 
Two plungers were used ; a main tank to generate the half daily tide, 


and a diurnal tank, running at half the speed, to give the diurnal component. 
_ The sizes of these tanks were computed from the tidal volumes of the areas 
which were to be included in the model. Both tanks were of mild steel, 


welded throughout, and coated with bitumastic paint. Hach was divided 


by transverse bulkheads into four equal watertight compartments, to 
_ facilitate trimming with iron and water ballast. 


Each tank was suspended from, and driven by, an overhead rocking 


beam directly connected to the tide-engine, which drove the main tank 
_ by a rotating face-plate carrying an epicyclic train of gears. Upon the 


ied 


Fig. 6. 
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last wheel of this train was carried a erank-pin working in a horizontal 

jde-crank, which it caused to move up and down in a guide formed in a 
vertical pillar(Fig.7,p.12). The slide-crank was connected by a driving rod 
to the rocking beam for the main tank. The epicyclic gearing was arranged 


to alter the vertical stroke of the slide-crank, and thus of the tide tank, from 
it imum to its minimum in fourteen revolutions of the face-plate, 


‘Its max 1 
thus causing the tide generated to vary from a spring range to a neap range 
in the correct number of tides. The rocking beam carrying the diurnal 


tank was operated by a similar slide-crank and face-plate mechanism, which 


~ was driven by a chain drive from the main face-plate. Provision was also 


made on the diurnal fac 
; periodic changes in the diurnal variation. 


e-plate for an epicyclic train which would introduce 


The main face-plate was driven by a23-horse-power direct-current motor 


through totally-enclosed double-reduction worm gearing. The main gear-— 
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box, base-plate, and pedestal for the main face-plate, and the pedestal for 
the diurnal face-plate, were of cast iron, as also were the two face-plates a 
themselves, and the two guide-pillars. The gears were cut from mild 
steel and the worm drives ran on ball races. The epicyclic gears were also 
cut from mild steel, and ran on bronze bushes on steel pins screwed into 
the face-plates. The two slide-cranks were made up from structural 
angles, machined where necessary, and their die-blocks were of bronze. — 
Grease lubrication was fitted to all points. 

The whole machine was mounted on a substantial framework of 
structural steel, which was carried on rollers, permitting it to be moved 


Fig. 7. 


Crank-pin fixed 
on slotted plate 


Face-plate rotating 
on fixed shaft 


Scale: 1 inch =1 foot. 
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along slide rails set in a concrete bed. It could thus be moved relative to. 
the fulcrum of the main rocker, so that the range of tide could be properly 
adjusted. Clamp-bolts were provided to keep the engine at this setting. 
The main crank-pin was mounted in a slotted plate ; it was possible to 
alter the distance of the crank-pin from the centre of the gear-wheel upon 
which it was mounted, and thus to adjust the spring-tide-neap-tide ratio. 
A similar adjustment was fitted to the diurnal crank-pin. 

To keep the tanks balanced at all positions, two balance-weights were 
provided, one for each tank. Each weight was hung by a wire rope from a 
large grooved cast-iron cam, which was driven by roller chains connected 
to the appropriate tank. As the tank rose out of the water during an ebb 
tide, for instance, the cam increased the lever arm of the balance-weight. 
to compensate for the loss in buoyancy of the tank, and thus kept a per- 
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’ fectly steady load on the main engine. The buoyancy-variation amounted 
to about 4,500 lb., and, with the 4-to-1 cam-ratio provided, the weight of 
main tank and ballast had to be about 6,000 Ib., the main balance-weight 

_ being about 1,400 lb. 

The camshafts, rocking beams, and other parts of the overhead gear 
were supported by a substantial structural steel-frame carried by five 
stanchions and one roof-hanger. The main tank balancing gear was carried 
on roller bearings; plain brass bearings were used for the light loads 
imposed by the diurnal tank. The roller chains connecting the cams to 
_ the tanks were lubricated with thin oil supplied by wick-feeds. The 
_ grooves in the two cams for the balance- -weights were lined with red fibre, 

to avoid undue wear in the ropes carrying the balance-weights. Bottle- 

_ screws, provided between each tank and the roller chains connecting it to 
its balancing cam, altered the setting of the cam, and enabled the final 
balance of the tanks to be very delicately adjusted. The main motor had 

_ano-volt and overload trip, and was connected to the mains through two 

- variable resistances, so that its speed could be accurately adjusted and 

_ maintained against the varying electrical demands of the cei 
- College laboratories. 

__ In order to control automatically the seasonal variations in the various 

3 discharges of silt and fresh water, and in the mean sea-level, a timing gear 
was provided on the main engine. The device consisted of a reduction gear 
"rotating a shaft once for every seven hundred and four tides, or 1 ‘“ model- 

_ year.” This shaft carried two cams, each of which closed an electric switch 

_ for half a revolution of the shaft or for the model equivalent of 6 months, 

: the two cams were set so that when the one switch was closed the other 

was open. The first cam closed an electric circuit and caused a number of 
Beall motors to bring the model under monsoon conditions for 6 “ model- 

- months.” At the end of this period the “‘ monsoon circuit ” was broken, 

and the second cam closed the “dry weather circuit”’, bringing all the 

_ model-rivers, etc., to dry-weather positions. The seasonal variations 

were thus rendered independent of manual control, and the model could 

be left unattended when running at nights without affecting the 
experiments. 

Six rivers were included in the model. Each had a separate measuring 

vessel with two compartments and a measuring orifice in the bottom of 

each compartment, one to supply the average dry-weather flow, the two 
together to discharge the average monsoon flow down the river. Hach 

_ river-measuring vessel was fitted with a gauge-glass and scale, the scales 
_ being marked after calibration in the Hydraulics laboratory of the College. 
The discharges of the model-rivers were based on the field gaugings to 

. _ which reference has been made, or on calculations from rainfall. In the 
ease of the Sittang, only one-half of the calculated discharge was supplied _ 

- to the model, for it was considered that only half the actual river could be _ 

said to flow into the modelled area. All the rivers received —_ water 
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from a 250-gallon tank connected to the main by a ball-valve. Two 
separate pipelines delivered water to each measuring vessel. The first was 
running continuously, and was adjusted by a screw-valve to deliver the 
correct dry-weather flow. The second pipeline was similarly adjusted, so 
that its discharge brought the flow of the model-river up to the mean 
monsoon rate, and was opened by the timing gear during “ monsoon 
seasons.” The proper periods of monsoon and dry-weather flow were thus 
obtained. As actually arranged, the monsoon pipelines for all six rivers. 
were controlled by one direct-current motor of zg horse-power. 

Silt was discharged into the rivers at rates determined from the field 
observations. A hopper-and-belt feed carried the silt into the river supply 
tank, where the silt-laden water was kept agitated by a propeller. The 
rate of silt fed to the tank was varied between monsoon and dry seasons 
by means of the timing gear on the main engine, which increased the speed 
of the belt-feed during the monsoon. 

The littoral movement of silt from the more western mouths of the 
Irrawaddy was reproduced in the model by an additional feed of silty 
water. The rate at which this “tidal” silt was introduced again fol- 
lowed from field observations made for that purpose by the Port Com- 
missioners’ staff, who took extensive series of silt gaugings in the real Gulf 
of Martaban on flood and ebb tides, and determined the silt-contents at a 
number of standard stations under all tidal and seasonal conditions. 
From the difference between flood-tide and ebb-tide silt-contents it was 
possible to compute the rate at which silt was entering the modelled area 
from the westward, and thus to decide the amount of silt which should be 
fed into the model from this source during the course of each model-tide. 

This tidal silt was supplied to the model from a tank similar to that 
used for the supply of the model-rivers, In this tank the silt was stirred 
up in water carried along a perforated trough spanning the model im- 
mediately in front of the main tide-plunger. The spacing of the perfora- 
tions was varied, so that the greater part of the silt was discharged fairly 
close inshore, and decreasing amounts further seaward ; the field observa- 
tions showed that there was such a turbidity-gradient. Checks made 
during the operation of the model at places in the model-gulf corresponding 
with the actual gauging stations gave silt-distribution results which agreed 
well with those recorded in the real Gulf. 7 

It was essential that the silt in the model should settle at the proper 
scale rate, and that the model should allow for the sudden acceleration of 
settlement which occurs in nature when a stream of dirty river water flows 
into the sea. Following the method adopted by Professor A, H. Gibson 
int the river Severn model, a coagulant solution was used for this purpose, 

Actual settlement-rates ” were determined by making up suspensions of 
Rangoon silt in Rangoon sea-water in standard proportions, and noting 
the times necessary for these suspensions to settle, These tests were 
carried out in Rangoon by the Port Commissioners’ engineers. 
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- Similar tests were repeated in the model-laboratory, using similar sus- 
pensions of commercial clays in coagulant solutions, and a series of “ model 
-settlement-rates”’ was found. The summary of scales on p. 8 shows that 
vertical velocity in the model must be about 3 times that in nature ; 
_thus the “model settlement-rate”’ should, correctly, be 3 times the 
“actual settlement-rate.” 
In the latter series of tests, two commercial clays were selected, of 
which uniform supplies could. be obtained in suitably finely divided form. 
_ Their settlement-rates were tried in coagulants of different forms and con- 
_ centrations to find the most suitable coagulant for use. 
The proper settlement was obtained by introducing potassium alum to 
the model-sea in sufficient quantity to maintain a density of 10025. The 
_ alum was dissolved in perforated trays suspended in the tank which supplied 
the tidal silt to the Gulf. 
In order to keep the model-sea at its proper mean level a weir was fitted 
at the position shown in Fig. 3, Plate 1. The weir was formed of a 
_vertically-sliding brass plate, and had a crest 18 inches long. It was 
arranged so that the crest of high water just spilled over into the drain 
_ provided for the purpose, and could be adjusted so that the dry-weather 
mean level was properly maintained against the discharge of water down 
the model-rivers. When these discharges increased during the model- 
monsoon, the weir was slightly lowered by means of a gg horse-power 
_ direct-current motor ; this was controlled by the timing gear on the main 
engine, and also raised the weir when the model-rivers returned to their 
_ dry-weather discharges. The lever arms from which the weir was 
“suspended could be adjusted, and it was found possible in practice to 
‘maintain the model sea-levels at values closely corresponding to actual 
- figures. 
_ The Elephant Point tide-gauge was chosen as the measuring point for 
“mean sea-level, which at this point had been established in the relation 
_ to the datum for soundings in the Gulf of Martaban. The slight seasonal 
" variation in mean tide-level at this gauge, due to the Rangoon river flow }, 
was reproduced in the model. 
_ The south-west monsoon winds cause considerable sea disturbance in 
the gulf. The appropriate waves were produced in the model by a battery 
of seven fans, connected to the seasonal control-gear which operated them 
for the proper periods. The fans were adjusted to create waves travelling 
in the proper direction, and, on the advice of Professor Gibson, the strength 
_ of wind produced by the fans was adjusted until the model-waves had the 
correct height from crest to trough, a factor considered to be of more 
_ importance in this case than length or speed. 


- ae Tide Tables of the Indian Ocean. From Admiralty Tide Tables, 1938, Tidal 
Z Predictions. Part 1, Section B.—Foreign Waters (The World, except British Islands 
_ and North and West Coasts of Europe). Published by His Majesty’s Stationery Office - 
_ for the Hydrographic Department, Admiralty. 
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For moulding, and for subsequent survey-work, the datum rail was 
marked off into a system of permanent section lines; over the Outer 
bar area these were } mile apart, this interval being increased in the 
less important areas. This system of section-lines was referred to the 
Shwe Dagon pagoda at Rangoon and to Eastern Grove lighthouse at the _ 
Rangoon river mouth, two landmarks whose latitude and longitude were _ 
known, and which were represented in the model by permanent steel pegs. 
The section-lines were plotted on all actual charts. 

Much of the model was permanently moulded in concrete, in order to 
save time in the frequent remouldings to standard conditions. The Chin 
Bakir river, Bassein creek, and Twante canal were completely moulde 
in this manner, as were the more permanent features of the Rangoon river. 
Space was left in the Rangoon river for the introduction of softer materials 
with which to reproduce past erosion of its banks and that which migh 
be estimated to occur in the future. The whole bed of the model, as 
moulded in concrete, was kept below the levels shown on the charts and 
there was a final layer of sand, 3 inches, or about 50 scale feet, thick. 
Round the mouth of the Rangoon river the thickness of this sand bed was 
increased to 100 scale feet, in order to give room for considerable scour 
which normally occurred, and which might be increased by the construction 
of hypothetical engineering works. The lands between the various rivers 
consist mainly of low-lying paddy fields; their level is generally below 
that of high water, and they are protected from flooding by bunds, 
though heavy flooding does occur in the monsoon season. These feature 
were reproduced in the model, in case a study of the effects of abnormally 
high tides, or of flooding, should be required. 

The concrete moulding was done by means of cardboard templets 
permanently fixed to the asphalt floor of the model-tank. The spaces 
between these templets were packed with coke-breeze with about 2 inches 
of concrete on top, the surface of the concrete being brought accurately 
up to level by a rendering of 1: 4 cement mortar. More intricate parts 
of the Rangoon river were moulded in paraffin wax. 

For the moulding of the overlying layer of sand, cardboard templets 
were cut to the profiles shown on the natural charts. These were sus- 
pended from above the model by a wooden frame (Fig. 4, p.9). The sand 
spread over the model was made fairly damp and was accurately moulded 
to these profiles by hand and with the aid of trowels. The amount of 
sand in the model was about 14 tons, and the complete moulding required 
about 10 days’ continuous work. eto 
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- made to alter its alignment should it fail to produce the required increase 
in the tidal ranges. 
Owing to the flatness of the deltaic plains, the rivers in the modelled 
_ area are tidal for very considerable lengths, and it was impossible to mould 
_ geographically the whole of their tidal compartments. Beyond the limits 
shown in Fig. 3, Plate I, these were accordingly reproduced by labyrinthine 
_passages, arranged to give the correct tidal volumes within manageable 
compass. The partitions forming each labyrinth were of sheet zinc, and 
_ were arranged to give approximately the same convergence as the banks 
_ of the river which they represented. The beds of these labyrinths were 
‘made up with sand to give the correct bed-slopes. Provision was made 
in the case of the Sittang labyrinth to reproduce the effects of the Alok cut. 
~~ Some care was exercised in the choice of sand for the moulding of the 
bed of the model, the desiderata being based on the experiments made by 
_ Professor Gibson when selecting sand for use in the model of the Severn 
estuary. Professor Gibson established that the size of sand for use in a 
_ river model should be about three-quarters the size of the actual sand 
in the river bed, the size of a sand-grain being taken as the mean of two 
of its axes!. Samples of Rangoon sand were measured microscopically — 
to find their mean size, and suitable commercial sands were selected by 
testing samples in the same manner. Two sands were chosen : the first, 
a silver sand from Cornwall, was used for moulding the more important 
~ areas of the model, and the second, a very much cheaper ferruginous sand 
_ from the Sheffield district, was used for the remainder. These sands had 
_ practically the same density as the Rangoon sand, that is, about 2-65. 
To find means of tracing the movement of the sandy bed of the model, 
4 several samples of coloured sand were also examined, but none was found 
suitable. At the suggestion of Mr. H. J. Collins, M.C., M.Sc., M. Inst. C.E., 
some of the silver sand was pigmented with powder-colour and stone pre- 
servative. It was found that the process produced a fast colour unaffected 
_ by water; subsequent tests showed that neither the size nor the density | 


= 


of the sand grains was measurably affected by this process, so that sand 
coloured in this manner could fairly be used to indicate the travel of the 
~ uncoloured sand. Some very useful results were obtained in this way. 

| Before starting the experimental programme it was necessary to adjust 
" the tide-engine to give a tidal wave of the correct form. The model tidal 
wave could be measured on four permanent tide-gauges erected at points 
where such gauges were in actual fact maintained. The model-gauges 
were engraved on ivorine strips, and were divided into sixteenths of an 
inch, which corresponded to intervals of 1 foot vertically in. reality. 
_ These gauges were mounted on screwed rods carried by stiff brackets bolted 
_ to the concrete portions of the model. The screwed rods permitted adjust- 
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_ machinery was adjusted until the model tidal wave bore a reasonable 
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ment of the gauges to show the correct readings when the water in the 
model was stationary and at a known level. The model-gauges were 
situated at :— 

(a) Mengalun (mouth of the China Bakir river). 

(6) Elephant Point. 

(c) Brooking street (at Rangoon itself). 

(d) Twante (at the junction of the Twante canal and the China 

Bakir river). 


An additional gauge, having no counterpart in actual fact, was provided 
on the seaward edge of the model at a distance of about 6 miles from the 
main tide-plunger. 

The technical officers of the port had obtained height—time curves at 
these gauges, Simultaneous height-time curves were obtained under 
varying tidal and seasonal conditions at the first three stations, and gave 
the necessary information regarding the true shape of the tidal wave, 
the rate of its progress up the Gulf, and the deformations which appeared 
in the wave as it entered the shallower and more constricted waters of the 
Rangoon river. This information was supplemented by an extensive 
series of predictions made hy the tidal-model staff from the published 
harmonic constants !. ; 

After the model was completely moulded, similar height-time curves 
were obtained from the model-gauges. Readings were taken simul- 
taneously at two gauges, each of which was watched by a separate observer, 
who noted the gauge reading every 5 seconds, as timed with a stop-watch 
by a third man. The method is laborious but reliable. The 5-second 
intervals represented about 45 minutes on the model time-scale, and the 
readings obtained were plotted on tracing paper, to the same scale as the 
actual height-time curves. The observations were repeated for spring 
and for neap tides, under monsoon and dry weather conditions, and the 


resemblance to the real one, Figs. 8, Plate 1, show a typical comparison 
between model and actual time-curves, 


TriaL Runs or THE MopEL. 


The general programme divided the investigations into three stages. 
The first was trial of the model to show that it would properly reproduce 
the known changes that had occurred oyer a given period. If this trial 
were successful, the second stage was to be the operation of the model, 
starting from present-day conditions, to find the regime which might result 
from the unchecked development of present tendencies. The final stage 
was the study in the model of any remedial measures suggested by the 


* Footnote (1), p. 15. 
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behaviour of the model, and the selection of the most suitable course of 
action. 

The first series of experiments was started as soon as all adjustments 
had been completed. The earliest available charts of sufficient accuracy 
and detail were those showing the surveys of 1875 and 1877, and the bed 

_of the model was accordingly moulded to strawboard templets prepared 
from these charts. The model-rivers were adjusted to give average 
monsoon conditions, alternating with average dry-weather conditions, 
_on the assumption that over so long a period as that contemplated for the 

- trial runs the final result is an average result. In a similar manner the 

_ tidal cycle that was reproduced in the model took no account of abnormal 
- yariations in the actual tides. 

_ The operating routine of the model varied little Saeed the whole 

_ course of the investigations. The few important extensions and improve- 
-ments in method will be explained later. During running, the model 
Tan continuously for 24 hours each day; and the whole sequence of 
_ operations was automatically carried out by the engine and its controls. 
Routine tests were made several times daily to ensure that all such con- 
ditions as mean tide, salinity, etc., were correctly maintained. A watch- 
man visited the laboratory twice nightly, and had instructions for action 
in the event of breakdown, or of failure in the electricity or water services. 
A careful log of working was maintained. 
In the earlier experiments the rivers were.supplied with silt differing 
in colour from that chosen to represent the tidal silt. Thus these two silts 
could be distinguished from each other at the close of a run, and the travel 
and distribution of silt from these two sources could be studied. As was 
expected, the river and tidal-silt supply-tanks did not transmit to the 
model all the silt which was fed into them. The residues left in each 
tank at the close of every run were dried and weighed, and. the silt feeds 
adjusted: to give the correct net silt-discharges. : 

— Surveys were carried out by means of a sounding 40 ruaticedss in scale 
feet, which moved vertically through a sliding block, running along the top 

of a straight-edge marked in sea miles, divided into tenths. The large 

straight-edge which spanned the Gulf of Martaban was 19 feet long and 

was carried by the travelling gantry. A smaller straight-edge was used in 

surveying the rivers. The sounding rods were moved along the straight- 

edge by hand, and were read directly, the soundings being immediately 

plotted upon specially prepared master charts. This method was laborious, 
but was considered to give the most reliable results. In every case the 
model was stopped and drained slowly before survey. 

. Under these conditions two trial runs were made, starting from the 
1875 regime, and continuing until, by the model time-scale, the 1932 
_stage had been reached. Each run was interrupted for the purpose of. 
cheek : surveys with the actual charts of 1897 and 1910. During each of ~ 

these runs further comparisons were made between model and actual tidal 


accretions. This area was plotted on all the actual charts, and on all model- 
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waves, and the velocities and directions of the model and actual tidal — 
streams were compared by extensive float observations. The floats were — 
timed over a 3-mile length, measured on a horizontal wooden bar held 
a short distance above high water by a vertical rod, rotating in a block 
attached to the survey straight-edge. The 3-mile gauge was rotated 
until it lay parallel to the line of travel of the floats, and a pointer on the 
vertical rod showed the bearing of the float-tracks on a protractor scale. — 
From the position of this device on the straight-edge, and the angular — 
reading on the protractor, it was possible to fix accurately the tracks of the 
floats. These model-observations were compared with meter readings 
taken by the Commissioners’ technical staff at a number of stations in the 
Rangoon river and Gulf of Martaban, and were found to agree closely 
with them. 

Each survey of the model was made by taking soundings at close 
intervals along the standard section-lines; these soundings were plotted 
directly on master charts, and contoured at intervals of 1 fathom, for easy 
comparison with the Admiralty and Port Commission charts. The general 
comparisons between model- and actual charts were good, the principal 
changes being demonstrated in the various model-surveys. The erodible 
banks of the Rangoon river, however, failed to maintain the correct side 
slopes, and the western extension of Middle bank was not apparent. The 
deterioration of the eastern channel was accelerated in the model. In 
addition, the ripple formation inevitable in all moveable-bed models 
produced very much more detail in the model-contours than was visible 
on the actual charts. 

To overcome this latter difficulty, efforts were made to show the bed 
movements by measuring the volume of accretion over selected areas. A 
rectangle 5 miles by 2 miles was chosen, covering the scope of the Outer bar 


surveys, after which the average sounding within the area was in each case 
obtained. The progressive decrease which occurred in the average sound- 
ing within this area gave a measure of the siltation. The following tabular 
comparison between the model- and actual results shows that a close agree- 
ment was obtained. 


ComMPaRISON OF ACTUAL AND MODEL-SILTATION ON OvTER Bar. 


Decrease of average sounding on bar area since 1875. 


1875 1910 1932 


Admiralty and Port Commission 
HERR eet eo ee 


0 | 3 feet 2 inches = 51 
per cent. 


6 feet 2 inches = 100 
per cent. 


2 feet 8 inches = 44 | 5 feet 3 inches = 85 
per cent. : per cent. 


Model-surveys in trialruns .| 0 
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Seconp Series oF Triat Runs. 


The results of the first trial runs were on the whole encouraging; the 
Outer bar siltation had been faithfully reproduced and many other 
_ features had been clearly shown in the model. It was considered, however, 
that the method of reproducing erosion in the river-banks could be im- 
proved, and that better methods could be found for observing current- 
velocities and for tracing the travel of silty material. After some 
| investigations into these points, it was decided to carry out two further 
_trial runs in which the operation of the model would be thus modified. 
Continued, and unsuccessful, attempts had been made to reproduce the 
natural erosion of certain stretches of the coastline. To test the erosion 
_ of various materials, a large number of separate experiments had been made, 
in a flume which was rocked so that water in it surged to and fro at a period 
equal to the tidal period of the model. Among the materials examined 
were a large range of sand-clay mixtures, and a number of cement-sand 
- compositions ranging down to 1 part of cement to 300 of sand. Inno case 
did any material satisfy the triple requirements of erosion at the correct 
-rate, maintenance of the correct side slope, and discharge into the model 
_ of the correct amounts of material. 

These experiments had dispelled any hope that it would be possible, 
without continuing further experiments for an inconveniently long time, 
to find a material which would give natural erosion in the model. During 

"future work, therefore, the eroding portions of the bank were moulded 
‘in a heavy puddle-clay which would not, of itself, erode at all. This was 
“out back at frequent and regular intervals in order that the model-coastline 
should keep pace with the continuous recession shown on successive charts 
of the river. In order that the model-river should be enabled to carry 
“away the eroded materials, and that this possible cause of the Outer bar 
E siltation should not be omitted from the experiment, the correct quantities 
of sand and silt were added daily to the water in this length of the river. 
- These quantities were based on calculation from the various charts, to 
show the annual volume of material carried away by the river. In order 
“to obtain the approximate proportions of fine and coarse materials con- 
fained in the alluvial banks which were being thus eroded, site observations 
were conducted by Mr. W. D. Beatty, M. Inst. C.E., the Port Commis- 
joners’ Chief Engineer. These showed that the ratio by weight of the fine 
to the coarse materials in the eroding sections was of the order of 19 to 1; 
the mixture added to the model-river therefore contained 95 per cent. of silt 
and 5 per cent. of sand. Experiments were made to find the weight of 
this mixture occupying a given volume after the materials had settled and 
‘consolidated in water; from this relationship was determined the weight 
cof the mixture which was daily added to the model. : 
The 3-mile gauge-length was found too short to allow accurate _ 
Bning of floats, whose paths over some of the important areas were too 
a 
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curved to allow the use of a longer gauge-length. Attempts to produce a 
suitable form of current-meter proved unsuccessful owing to the shallow 
depths in which this was required to work. Finally, a sheet of plate glass 
was obtained, 6 feet by 3 feet in size, and was mounted in a strong wooden 
frame, which could be supported over any area by a moveable wooden 
gantry. By this means the glass sheet was suspended horizontally over 
the model, as close as possible to high-water level. The glass was divided 
into }-mile squares by a net-work of threads on the underside and was 
placed over any area where current readings were desired. If a float were 
released so as to pass beneath the plate-glass, its successive positions 
could be recorded thereon at 1-second intervals by means of paint-spots ¢ 
these formed a continuous track across the glass, and were subsequently 
replotted on squared paper to form a permanent record. The timing was 
done by a metronome arranged to beat:at 1-second intervals. This scheme 
is due to Mr. Ralph Freeman, M. Inst. C.E., and worked perfectly. 
~The last and most important innovation was the development of 
chemical means whereby various silts entering the model could be traced 
to their final resting places, and the constituents of the silt deposits on the 
sea-bed allocated to their respective sources. 
During the first trial runs the two differently coloured clays used for the 
river silt and tidal silt had become greatly intermingled, and visual tests 
were found useless as a means of determining the proportions in which 
these two silts had mixed in forming any given deposit. A search was 
made for some more certain means of tracing the various silty deposits 
in the model, and two methods were adopted after some weeks of investi- 
gation, during which the experimenters received a great deal of invaluable 
advice and assistance from the staff of the Department of Chemistry at 
University College. 

_ The first method was the use of prussian-blue powder added to the silt 
in small quantities as an indicator. The powder sold commercially was 
found to settle through water at the correct rate, and it was also found that. 
pure prussian blue can be easily and certainly detected in very small 
traces by a rapid and simple test. sug 

__The second method was an amplification of the attempts se 
differently coloured clays for the river and tidal silts. Visual tests based 
on colour were useless, and efforts were made to discover two materials, 
suitable for use as model-silt, which would have similar settlement cha- 
racteristics and yet have a definite and constant chemical difference. 
Ultimately it was found possible to obtain and use two clays each of which 
contained a different but constant proportion of titanium dioxide. Thanks 
to further co-operation by the Chemistry staff of the College, a chemica 
test was devised whereby the analysis of a mixture of the two silts would 
show the proportion in which each was present. Both methods of chemical 


testing were simple and reliable, and the model-staff carried out all analyses 
in the model-laboratory. “ia 


Tene 
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The third and fourth trial runs, in which the above methods of working 
were adopted, covered the period from 1875 to 1932. In each run the 
model was stopped and surveyed at the 1910 and 1932 stages, when the 
usual contoured surveys and volumetric checks were made. 

The new method of erosion was found to have many advantages, and 

_ by maintaining proper side slopes it enabled the model to reproduce with 

‘More certainty the steady westward extension in the width of Middle 
bank. The silt-sand mixture added to represent eroded material was 
_Inade up with the red pigmented sand, whose movement showed that this 
_ heavy material travelled to the westward around Elephant Point, landing 
- at the eastern end of the China Bakir flats. 

~ Very many float-track observations were made with the plate-glass 
- apparatus. In the third run this was used to give further comparisons of 
_ the model-currents with their prototypes. In the fourth, a standard series 
of observations was repeated at 10-year intervals to show the changes 
_ brought about by alterations in the mouth of Rangoon river. It was 
- found that the changes were not of sufficient importance to be regarded as 
having any direct influence upon the growth of the Bar. 

_ The prussian-blue tests were used during the third run to show the 
deposition of silt issuing from the China Bakir river, and in the fourth 
run to show the travel of silt issuing from the Rangoon river. In both 
eases the general trend of suspended silt was in an easterly direction : 
the analysis of samples from the fourth run showed that little or no 
- Rangoon river silt landed on the Outer bar. During the third run one 
_ kind of clay was introduced into the model to reproduce the silt coming 
from the west under tidal action, while the other was supplied to all the 
‘model-rivers. Subsequent analysis of samples from the Outer bar showed 
_ that about 70 per cent. of the bar was composed of the tidal silt. During 
the fourth run, the China Bakir river was disconnected from the other 
ivers, and separately supplied with water and with the same clay as that 
used for the tidal silt, and the Outer bar was afterwards found, by analysis, 
to contain about 85 per cent. of silt from the west. Comparison of this 
figure with the corresponding figure derived during the third run suggested 
hat the China Bakir river was responsible for about 15 per cent. of the 
total deposit on the bar. 
_ Examination of a large number of samples from other areas produced 
further evidence that the material suspended in the waters of the Rangoon 
river is mainly deposited on the Eastern Grove flats and in the head of 
the gulf. The data resulting from the use of prussian blue invariably 
agreed with those resulting from the titanium tests. At the close of each 
fun, the surface of the model was completely cleared of all silt, and the 
_ upper surface of the sand was also removed, in order that the distribution 
of materials in one run should in no way affect the results of the meee 
-seriés of chemical analyses. = ae 

The proot, by the eprusianblae and titanium tests, that the bulk of the 
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deposited on the Outer bar and their relative importance. 

‘At the conclusion of the four trial runs it was considered that the work- 
ing of the model was satisfactory. The various comparisons had shown 
that the model did give a reliable representation of actual conditions, and 
although the trials had extended over a much longer period than was 
originally anticipated, they had provided opportunity for researches 
yielding a great deal of information of major importance in considering 
means for the rectification of the Outer bar. 


Seconp STAGE OF INVESTIGATION : PREDICTIVE Runs. 


Two predictive runs formed the next part of the experimental work. 
Each of these started with the model moulded to the conditions of 1932, 
and continued until the 1982 stage had been reached. The conditions 
under which the model was operated were, with two important exceptions, 
kept as close as possible to those governing each of the four trial runs. 

In the first place a variation was made in the material representing the 
sea bed. The four trial runs had all started with a bed moulded in sand, 
which was considered most nearly to represent the conditions of the sea- 
bed in 1875. By 1932 the Port Commissioners’ charts showed that large 
portions of the modelled area were covered with silty material some feet 
in thickness, and in future runs the model was moulded with a bed of this 
nature. 

The second change concerned the erosion of the west bank of the 
Rangoon river, above Elephant Point. Any prediction of future erosion 
was undesirable, as it might be greatly affected by any hidden variation 
in the nature of the eroding strata. To avoid the element of doubt, erosion 
in the first predictive run was reproduced at about one-tenth the actual 
rate occurring between 1875 and 1932, and in the second predictive run 
this stretch of the river bank was cut back at the actual rate obtaining 
between 1875 and 1932. It was considered that the truth would be found 
somewhere between these extremes, and that comparison of the results 
consequent upon these two rates of erosion would show the extent to whic 
the regime as a whole was affected by the widening of the river. 

During the two predictive runs the float-track observations and the 
chemical silt-tracing tests were continued. The float observations corn- 
pleted the previous series made at 10-yearly intervals and the progressive 
changes observed by this method during the last trial run were found t 
continue. Prussian blue was applied to the Sittang, and the titanium tests 
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‘were repeated, during both predictive runs, to give an exhaustive check 
upon the conclusions previously drawn. 
_ At the conclusion of the second predictive run the model was operated 
for a further 15 years, and the rate of introduction of silt was doubled to 
_produce the general. effects of 30 years’ running. In other model-investi- 
gations it had been considered permissible to save time by increasing the 
effective rate of working of a model by generating spring tides only. In 
the Rangoon model, however, it was considered that the relatively quiescent 
_ periodsduringneap tides had important effects, and acceleration was carried 
out by the alternative described. 
The results of the predictive runs, in conjunction with those previously 
obtained from the trial runs, led to the following conclusions :— 


(1) The continuous siltation of the Gulf of Martaban is the material 
factor in the growth of the Outer bar. 

(2) The bulk of the deposit on the Outer bar has come from the 
westward. 

(3) The silt brought down by the Rangoon river, including that 
falling into it by reason of the erosion of its western bank, is 
of minor importance. 

(4) The above-mentioned erosion has considerably straightened the 
lower part of the river, and the seaward end of the entrance 
channel is swinging to the southward, tending to cause a 
corresponding straightening of the bend round Elephant 
Point. L, 

(5) This general straightening is merely the terminal phase of a 
cyclic change, and will tend to give place to a stage when 
further curvature will occur further seaward. 

(6) The deterioration of the approaches is unlikely to continue much 
beyond the present stage, and further improvement will 
probably occur. 


Srupy oF REMEDIAL WoRKS. 


ie After consideration of these points, two methods were examined 
whereby the limiting depth in the port entrance might be kept at a greater 
_ depth than would result from the action of natural forces alone. The first 
_ general method was the construction of training works to concentrate the 
- discharge from Rangoon river, in order to increase the scouring tendencies 
~ over the areas where shoals were deposited. The second was the more 
~ direct method of dredging a channel through the Outer bar. 

he next experiments were accordingly trials of three schemes for 
training walls. Two were alternative methods of closing the eastern 
channel, either at the upper end of Middle bank, where the eastern 
channel leaves the main branch of the river, or at Eastern Grove Point, ~ 
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with the object of closing the eastern channel entirely and concentrating 
the river discharge into the western channel: The third scheme was a wa \" 
3 miles long running seaward from Elephant Point as shown in Fig. 9, 
Plate 1, with the object of concentrating the main stream into the more 
southerly alignment that it was trying to adopt. 

To save time, the effects of these walls were judged by measuring the 
increased velocities produced in the currents in the western channel and 
over the Outer bar. It was considered that, as training walls operate 
principally by their éffects on currents, this would give all necessary in- 
formation as to the efficiency of the walls, and would avoid the lengthy 
ptocess of remoulding the model before trying each wall, and of running 
it for a considerable period in each case. This method of examination was 
made possible by the development by Mr. T. L. Norfolk, M. Inst. C.E., of 
a new type of current-meter which was used by him in the model of the 
Mersey estuary. The device consists of a small bead suspended in the 
water by a fine hair. Any motion of the water will deflect the bead from 
its vertical position; the amount of the horizontal deflexion bears a 
definite relation to the velocity of the stream, and is determined by cali 
bration, whilst the direction of the deflexion is of course the same as the 
direction of flow. The deflexion is measured by a vertical sighting tube 
which is continually moved by hand so that the bead remains in the line 
of sight. As the tube carries an autographic recording pencil operated 
15 times per tide by a special switch on the main engine, the pencil draws 
a polar graph of successive positions of the bead. 

To simplify the work, the model was operated without siltation and 
under continuous monsoon conditions, and a series of spring- and neap- 
tide current readings was made at standard points on the Outer bar. The 
Eastern channel was then closed completely by the first training wall, 
and the whole series of current observations was repeated, after which the 
training wall was removed and the original observations checked. The 
routine was repeated with each of the other two training walls, and a similar. 
series of observations was also made with the Eastern channel completely 
filled up, as though by natural siltation. The two walls above the eastern 
channel were built above high-water, but the third, from Elephant Point, 
was tried at various heights to see how low it could be kept. After these 
tests, the wall was left in position and the model operated for a short time 
under normal conditions and with normal siltation, in order to study its 
effects on the regime. 

These experiments showed that in each case the effect of the training 
wall was entirely local, and that no effect over the Outer bar was dis- 
cernible. The third wall, extending south-east from Elephant Point, was 
found to act as a trap for the silt travelling eastwards along the coast, and 
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training works it was obvious that they could serve no useful purpose in 
this case. 
e Dredging formed the subject of the next investigations. From the 
experimental results as a whole, it was possible to suggest a suitable 
location for a dredged cut through the Outer bar, arranged to take the 
fullest possible advantages of existing natural conditions, and of probable 
future tendencies. The location of this cut is shown in Fig. 9, Plate 1: 
6 miles in length, it started at the end of the southern fork of Western 
‘channel, and curved gradually round until parallel to the 1910 fairway, 
and about 2 miles south of it, continuing in this line until deep water was 
reached. 
7 This channel was tried in the model, which was first remoulded to the 
— actual 1932 condition. The model was operated until the 1936 stage, 
and then an assumed dredging programme was carried out during four 
consecutive dry seasons. After the completion of dredging, 12 years’ 
"normal running was allowed before the model was stopped and surveyed, 
- to measure the deterioration of the channel. 
- The model-channel was made equivalent to a 400-yard bed-width 
_ with side slopes of 1 in 5, and had a ruling depth of 18 feet at low water. 
_ After the first examination of the channel, a second channel of the same 
 eross section was dredged along a line near to the first channel, but normal 
to the main stream of tide, and a further 12-year test run was made. 
Measurements were taken to show the comparative rates of siltation in the 
model-channel dredged with the streams and that dredged across them, to 
find out the degree to which a model could be used to study such matters, 
The channel whose alignment lay parallel to the direction of flow was 
found to be the more permanent, but the difference between the two 
- channels was very much smaller in the model than would probably be the 
case in actual fact, since the siltation of the model cross-channel was con- 
_ siderably affected bythe rippleformation. This was taken intoaccount when 


pee 


- considering the possibilities of dredging from the full-size point of view. 
_. In the actual dredging of the model-channels, the bed-material was 
stirred up by a rotating templet and carried away by the flood tide, The 
channel was dredged gradually from the inshore end, and the strip of sea 
bed on the site of the proposed channel was moulded with a percentage of 
prussian blue, by which the material agitated by dredging was subse- 
quently traced. It was found to have travelled in an easterly direction. 
Further experiments were later carried out to test the suitability of a 
- suggested dumping ground for dredgings removed by more usual methods. 
 Prussian-blue powder was dumped in the area at the appropriate states 
of tide, and a series of samples subsequently analyzed showed the final 
‘Jocation of the material, The site selected was abreast of the mid-point 
of the proposed dredged channel and was about 4 miles further seaward : 
' the tests showed that the dredged material neither entered the Rangoon — 
_ river nor drifted back into the cut. Za 
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Before and after dredging, a full series of current-observations was 
made at a number of stations along the line of the channel and at points 
in the areas on either side. These current-observations showed clearly 
that the model-channel had a pronounced effect in improving the currents 
over the Outer bar areas. The improvement was most marked in the 
deeper stretches of the cut, and tended to fall off as the channel slowly 
filled. 

Measurements were made comparing the rates of siltation in the channel 
and over the areas on either side of it ; thus it was possible to form some 
idea of the relative permanence of the channel. It appeared that a channel 


_ maintenance, though it was not considered possible to estimate exactly 
the extent to which maintenance would be necessary. 


Finat DEcIsIons. 


With these tests the experimental work came to a close, after having 
been in progress for over 3 years. The final report was submitted to the 
Commissioners towards the end of 1935. In this it was pointed out that, 
whilst the port was not threatened by eventual extinction, it was evident 
that some limitation on the draught of vessels using the port would be 
inevitable unless rectification of the approaches was carried out by artificia 
means. The possibility of a dredging programme was outlined which, with 
some initial expenditure and a not excessive amount of maintenance 
dredging, would make reasonably certain of a satisfactory and permanen’ 
approach channel. 


ment dated the 15th May, 1936, which has been published elsewhere. The 


limits prescribed for this Paper unfortunatel ae oe 
be fully treated. | P ortunately do not allow this subject to 


TO THE PORT OF RANGOON BY MEANS OF A TIDAL MODEL. 29 


ACKNOWLEDGEMENTS. 


During the course of the experiments much active help was given and 
many valuable suggestions were made by persons not immediately con- 
“cerned with the work. The Author has to thank Professor EH. G. Coker, 
M.A., D.Sc., F.R.S., M. Inst. C.E., and his successor, Professor G. T. R. 
Hill, M.C., M.Sc., and other members of the Staff of the Faculty of 
Engineering at University College, London. The success of the chemical 
investigations was very largely due to the assistance of Professor F. G. 
Donnan, C.B.E., M.A., LL.D., Ph.D., D.Sc., F.RS., and Mr. Henry Terrey, 
B.Sc., of the Faculty of Chemistry at the same College. Advice was 
also obtained from the Departments of Physics and Geology. 
~The Author is indebted to the Commissioners for the port of Rangoon, 
and to Sir Alexander Gibb and Partners, for their permission to publish 
this Paper, and to Mr. J. Guthrie Brown, M. Inst. C.E., with whom the 
~ Author was associated in the model-experiments, for his very kind assistance 
_in criticizing the proofs. 
ee Mention is also due of all those who worked in the model-laboratory, 
- and who assisted the Author throughout the course of the investigations. 


_ The Paper is accompanied by eight sheets of drawings, from some 
of which Plate 1 and the Figures in the text have been prepared, and 
by five photographs. 


30 ALLEN ON SCHEMES OF IMPROVEMENT 


Paper No. 5194. 


“Schemes of Improvement for the Cheshire Dee: An 
Investigation by Means of Model-Experiments.”t 
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INTRODUCTION. 


THE investigation described in this Paper was carried out on behalf of the 
River Dee Catchment Board. Its object was to study means of improving 
the drainage and the navigable qualities of the river Dee. : 1 

The primary trouble with this river is the continual tendency for bed- 
material to be transported upstream by the flood-tide, which, at Connah’s 
Quay, occupies a time of the order of 2 hours only, as compared with 
10 hours or so of ebb. A secondary, but very important, factor is the 
marked instability of the channel seaward of Connah’s Quay. This 
channel is tortuous, shallow, and subject to great fluctuations in its 
position and configuration. ; 

At the present time, there are in existence two training wal 
(Figs. 1). One of these, AAj, which will be referred to asthe South wall, 
is covered at high water, its crest-level being some 21 feet’above Liverpool 
Bay datum *. 

The other wall, which will be called the North wall, is above high water 
of spring tides over its length BB,, and has a crest-level over its remaining 
portion, B,Bo, averaging 22-0 L.B.D. 1 


For many years, it has been thought that conditions might be improved 


+ Correspondence on this Paper can be accepted until the 15th August, 1939. : 
Sxc, Inst. C.E. a 


* Liverpool Bay datum is 14-67 feet below O.D. 
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The points to be investigated may, therefore, be summarized ¢ 
follows : 
(1) Are the existing walls beneficial ? 
(2) Could they be improved by altering their crest-levels ? 
(3) Would an extension be desirable, and, if so, along what line ? 
(4) Is a barrage, equipped with locks and sluices, likely to effect a 
improvement ? 

Following the general tendency of modern practice, it was decided 
study the problem by means of scale models, and accordingly two model: 
have been constructed and operated in the Whitworth Laboratory “al 
Manchester University, under the direction of Professor A. H. Gibson, 
M. Inst. C.E. 

The major of these models has scales of 1:5,000 horizontal an 
1:200 vertical. Its tidal period, corresponding to these scales, i 
126-4 seconds, equivalent to 12-4 hours in nature, so that 1 year : 
tides occupies approximately 24 hours. The scope of the model is showr 
in Figs. 1, from which it will be seen that, in addition to the great expanst 
of sands from Liverpool bay (seaward of Hilbre island) to Connah’s Quay 
the canalized portion of the river Dee up to Chester weir is included 
along with a portion of the river extending for some miles above the weit 
in fact beyond the limit of tidal action. For space considerations, th 
river was bent round, above Connah’s Quay, by a gentle curve joining th 
straight portion below Chester weir. This device does not, however 
invalidate the model over the region upstream of Connah’s Quay, observa 
tion showing that the general behaviour is similar to that in nature. Fo 
instance, the tide-levels obtained at Chester weir relative to Connah’ 
Quay are in virtually perfect agreement, as is the phenomenon of th 
bore which appears at spring tides!. Moreover, it has been the genera 
practice to run pairs of comparative tests in the model ; that is, to test 
proposed scheme of works by operating with and without that scheme fro 
a standard initial condition of the bed. 

River water is admitted at the upper end of the model through one ¢ 
a series of calibrated orifices, so arranged as to give any flow up to tha 
of a flood equivalent to 7,500 cusecs. 

For the purpose of the tests, the mean flow has been taken as 1,07 
cusecs: this will be designated a “ normal” river. E 

Tides are produced by the displacement of a steel plunger situated 
the seaward end of the model and driven through an epicyclic train ¢ 
gear-wheels by a constant-speed motor. The epicyclic gearing aut 
matically varies the stroke of the plunger from a maximum at spring tid 
to a minimum (fourteen tides later) at neaps, and back to a maximu 
in a further fourteen tides, for the next springs. F 

+ The bore has been discussed in some detail in a previous Paper by the Autho 


‘Experiments on Water Waves of Translation i i 
hear pasate ha ation in Small Channels.” Phil. Mag 
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The crank-pin attached to the last wheel of the epicyclic train rotates 
in a brass block which itself slides along a slotted bar. This bar, pivoted 
at one end, serves to produce a longer time of rise for the plunger than 
fall, or a longer ebb than flood, as is demanded by the shape of the tide- 
curve in Liverpool bay. 

_ The varying thrust of water on the plunger is balanced by means of a 
weight suspended from a cam of appropriate shape. 

The bed-material used to form the sand-banks in the model is a sand 
having a mean grain size of 0-0071 inch and a mean ratio of longest to 
shortest diameters for its individual grains of 1-53. In certain tests, how- 
ever, comparative results were obtained with a coarser sand (mean 
diameter 0-0092 inch, mean ratio 1-58) ; in others, with powdered pumice 
(mean diameter 0-0115 inch, ratio of longest to shortest diameters of 
individual grains 1-58). The specific gravity of the sand was 2-63, and 
of the pumice 2-00. 

_ Since the river water of the Dee is, for practical purposes, clear, no 
‘silt in suspension was supplied in the river water of the model. 

The other tidal model used in this investigation has scales of 1 : 40,000 
horizontal and 1: 400 vertical, its tidal period therefore being 22:3 
seconds. Although this model is only some 4 feet in length, it has proved 
to be of considerable assistance. Tidal heights are found to be reproduced 
in it with considerable accuracy, the same principle of displacement by a 
plunger being adopted as in the large model. Preliminary experiments 
‘made in the small model provided a useful guide as to schemes which 
might profitably be tried on the major model, and indeed the effect on 
tidal phenomena of various training walls was sensibly the same in the 
two models. It is to be understood, therefore, that although the experi- 
1ents described in this Paper were made, unless specifically stated to the 
ontrary, on the larger model, at the same time many of the results were 
‘confirmed by the smaller model. Further, no material discrepancy 
‘appeared in the conclusions reached from the two models during any of 
‘the tests, which were carried out in both models. 

 Tide-levels in the larger model were read chiefly by means of pointer 
gauges equipped with verniers reading directly to 0-01 inch, but partly on 
graduated scales supported by suitable brackets. Measurements of tide- 
levels in the smaller model were, however, facilitated by pointer gauges 
attached to micrometer screws with verniers capable of a direct reading 
to 0-001 inch. | 

The methods adopted for moulding and surveying were as described 
by Professor Gibson in the Vernon-Harcourt Lecture, 1935-36*. 


_ * “Tidal and River Models.”” Journal Inst. C.E., vol. 3 (1935-36), p. 699. 
(October Supplement, 1936.) ee 
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Toe INVESTIGATION. 


_Preliminary. 
Existing charts of the Dee were supplemented by a series of aerial phot 7 
graphs taken at L.W.O.S.T. on the 21st June, 1937. These photographs 
were resolved into a scale plan of the low-water channels, through a metho 
devised by a colleague of the Author’s, Mr. J. L. Matheson, M.Sc., Ass 
M. Inst. G.E., and described by him in a Paper already published by The 
Institution!. The bed of the model having been moulded to agree wit 
available information, the first tests were devoted to the adjustment of 
the plunger in order to generate the correct tide at the seaward end of “ 
model. It will be appreciated that, while it is generally possible to 
achieve a reasonable first approximation to the size and shape of plunger 
by design-calculations based on the estimated volumes of water enterin 
and leaving the estuary at various stages of the tide, yet the phenomena 
may, in a particular case, be so complex as to subject the designed plunger 
to modification by experiment. The plunger of the Dee model was, it 
fact, so modified by means of additional tapered portions at its end and 
along its base, until the rate of rise and fall at Hilbre island was in sensible 
agreement with the tide-curves observed in the natural estuary. Figs. 2 
demonstrate the agreement obtained. A comparison of the tide-curvei 
at Connah’s Quay in the natural estuary and in the model is not so readily 
obtained. In the first place, the rate of rise of the tide at Connah’s Quay, 
in nature, is known to vary considerably from time to time, according t¢ 
the configuration of the estuary, the state of the river, and the prevailin 
meteorological conditions. Thus, in discussing a Paper read by Mr. I 
Webster, M.C., M. Eng., Assoc. M. Inst. C.E., before the Liverpoo 
Engineering Society in November, 1929, Mr. A. Caradoc Williams, Asso¢ 
M. Inst. 0.E., stated that “the flow at Connah’s Quay lasts for a perio¢ 
of from 2 hours 15 minutes down to 1 hour 50 minutes. . . . During neap 
tides there may be no rise at all at Chester, and in one case recently ther 
was only a three-foot rise at Connah’s Quay.” (The neap-range ai 
Connah’s Quay is frequently 7-5 feet, and at Chester weir 2-5 feet.) 
The model, in fact, reveals the interesting phenomenon that high-wate 
level at Connah’s Quay, for a given tide at Hilbre, depends essenti 
upon the level of the Bagillt bank. By lowering this bank it is read: 
possible to raise high-water level at Connah’s Quay by as much as 17 inches 
In Figs. 2 it will be observed that two tide-curves are shown, taken a 
different times and with different low-water levels, at Connah’s Quay it 
the model, whilst, for comparison, an estuary-curve for the same place i 
also given. 


1 “An Aerial Survey of the Estuary of the River Dee, Employi Si | i he 
nf \ , Employing a Simple Metho 

of Rectifying Oblique Photographs.” Journal Inst. C.E., vol. 10 (1938-39), p. 
(November 1938.) a 
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The comparison thus afforded appears to justify the conclusion that 
the tide at Connah’s Quay is sufficiently well represented in the model, if 
not in fact, that were it practicable to reproduce in the model the identical 
conditions obtaining at the time of any particular observations made in 
‘the natural estuary, the agreement would be within the limits of observa- 
tion. 

It is interesting to note also that low-water level at Connah’s Quay is 
somewhat lower, in the model, at neaps than at springs (for a given river- 
discharge), and this phenomenon is believed to be in agreement with 
“nature. 

A series of tests was next made to study the effect of various modifica- 
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tions of the existing training walls on the spring- tnde levels of high water 
and the times of ebb and flood at Connah’s Quay and Chester weir. It was 
“assumed that any alteration which prolongs the flood and shortens the 
duration of the ebb-tide will tend to improve the condition of the river 
“between Connah’s Quay and Chester. Since, however, almost the whole 
‘of the movement of the bed occurs during the first half of the flood and 
the second half of the ebb, observations were made of these times also. 
‘Twenty experiments were carried out on these lines, care being taken to 
adjust the moulding of the bed from time to time so as to preserve com- 
parable conditions. In particular, the level of low water was kept 
constant. we 
; These tests showed that any changes in the North wall alone, whether me 
ete: may of. lengthening: or shortening or of raising or lowering, are, on 
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the whole, detrimental. For example, raising the North wall above hig’ 
water throughout its length reduced the time taken by the first half of 
the flood-tide by some 6 per cent.; high water at Connah’s Quay was 
raised 0-1 foot. Removing the low part of the North wall raised high 
water at Connah’s Quay by 0-3 foot and high water at Chester weir by 
0-1 foot, at the same time reducing the time of the first half of the flood 
at Connah’s Quay by as much as 25 per cent. 

Raising the South wall above high-water level, however, showed a 
definite gain, especially when such a raised wall was also extended to a point 
opposite the end of the high part of the North wall. This latter scheme 
had the effect of increasing the time of half flood at Connah’s Quay by 30, 
25, and 16 per cent., according to whether “no river’, ‘‘normal river’ 
or “flood river’ respectively was in operation. At the same time, high- 
water levels at Connah’s Quay and Chester weir were lowered some 4 inches, 
an effect which, from the point of view of drainage, would be beneficial: 
Moreover, the scouring effect of the ebb-tide was improved, since the time 
of the last eighth of the ebb at Connah’s Quay was reduced by 5, 1, and 
10 per cent. for no river, normal river, and flood river respectively. 

A slight additional improvement might be effected by extending the 
South wall, as a half-tide wall, to the end of the present low North wal i 
but the gain would not appear to justify the extra cost. 

When the existing training walls were taken out of the model, high- 
water levels at Connah’s Quay and Chester weir rose 6 and 5 inches 
respectively ; the time of the first half of the flood at Connah’s Quay was 
reduced by 37 per cent. It is established, therefore, that the existing 
walls are of value from the point of view of drainage and of decreasing 
the volume of bed-material transported upstream. 


Schemes for opening a Channel through the Bagillt Bank. 


(a) The North wall being extended in stages for a distance of approxi 

hep mately 14 mile did not lead to the formation of a channel through the 
Bagillt bank. The scour was felt for a distance of about 400 feet beyond 

the toe of the wall, but the ebb then doubled back behind the wall to fin¢ 

its way into the existing channel. Again, it was found that more material 

was carried upstream on the flood than was ultimately removed by ebk 

scour. For this reason, the low-water level at Connah’s Quay rose 3-3 fee 
during a run of a hundred spring tides, at the end of which the configura 

tion of the channel was as shown in Fig. 3. Substantially the same result 
were obtained using a bed-material of powdered pumice, and again witl 
a coarser grade of sand. sal 
(b) Even with a South wall extended above high-water level as far a 
the end of the existing high North wall, and the North wall continued | 
far as section 11 (that is, 2 miles beyond its present limit), a channel wa 
not produced through the Bagillt bank. This statement applies wheth 
the North wall is extended as a low or a high wall. During a run of thr 
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‘hundred and eighty-nine spring tides with a high extended North wall, 
low water at Connah’s Quay rose 2-3 feet, high water fell 1-6 foot, and at 
Chester weir high water fell 1-0 foot. 

(c) With the North wall extended to section 11 and a channel dredged 
through the Bagillt bank alongside the wall and beyond it, to join the 
existing channel at Llanerchymor, it was found that the channel deterio- 
rated. In particular, the dredged channel seaward of the end of the wall 
showed a marked tendency to diverge from the straight and to scour to 

the southward. 3 
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(a) The next test was carried out to determine whether, with the 
estuary and training walls in their present state, a straight channel 
“dredged through the Bagillt bank would be maintained. This dredged 
“channel had a bottom width of 200 feet, was in a line forming a prolonga- 
tion of the existing trained channel, had a bed-level of 14:00 L.B.D., 
and involved the excavation of 1:3 million cubic yards. The dredged 
channel was found to deteriorate rapidly, even when the North wall was 
extended at half-tide level as far as section 10}. 

A. (c) Tests were also made, with the full spring-neap cycle of tides, on a 
completely trained channel through the Bagillt bank, bounded by two — 
walls in the form of a continuation of the existing walls as far as section 15}. 


a 
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This amounted to extending the North wall 7,000 yards and the South 
wall 11,000 yards. The width between the walls varied from 410 feet o | 
Flint to 750 feet at the mouth of the walls. A channel was dredged | 
between the walls to give the same low-water level as with the existing 
channel, and it was found that high water at Connah’s Quay was lowered 
by 0-7 foot, while the rate of rise of the tide there was very considerably 
reduced. i 
Unfortunately, however, a strong ebb-current (about 7-4 knots) was 
created, impinging on the foreshore seaward of the walls and resulting in 
pronounced scour, the scoured material being deposited in the lower 
channels. 
A strong cross current occurred, around spring tides, sweeping over _ 
the tops of the walls, almost normal to the trained channel, between — 
sections 5 and 9. Not only is this objectionable from the point of view of © 
navigation, but it caused a scour to a depth of between 10 and 14 feet 
behind the South wall in the region of sections 54 and 83. This scoured 
material was carried upstream behind the walls as far as section 4, where 
the greater portion of it was swept over the South wall and deposited in 
the channel, causing a shoaling of as much as 6 feet in 1 year of tides. 
In order to prevent this action, it was found necessary to raise the 
South wall to high-water level everywhere upstream of section 8, after 
which some 680,000 cubic yards of sand were dredged from the channel — 
between Connah’s Quay and Flint. As a result of this dredging, low water — 
at Connah’s Quay was observed to be 16:10 L.B.D. During a further } 
4:75 years of tides, however, the channel again deteriorated to such an 
extent that low water at Connah’s Quay was found to be 17-40 L.B.D., | 
and an additional 715,000 cubic yards had to be removed from the bed 
of the channel in order to restore the low-water level. j 
A gap was next made in the South wall opposite Flint Tips. The 
width of the gap was 420 feet, and a channel was dredged between it and — 


Flint and revetted with walls having a crest-level of 16:00 L.B.D. It. 
was found, however, that, about 1:55 hour after the beginning of the 
flood at the mouth of the walls, a strong cross current of as much as_ 
5 knots swept diagonally across the gap. | 
After running for a total period of 9:3 years, a survey was taken, and 

is shown in Fig. 4, Plate 2. For comparison, the initial condition of 
the bed is shown in Fig. 5, Plate 2. During the experiment, there was 
considerable deterioration of the channel between the mouth of the walls” 
and the Mostyn deeps. An appreciable bore was observed to travel up 
the trained channel on the flood of spring tides. a 
Following the 9-3-year survey, the channel between the walls wa 
again dredged and a low-water level of 15-40 L.B.D. obtained at Connah’s 
Quay. Detailed observations of currents were then made and revealed 
the persistence of flood-tide cross currents proceeding towards the We e | 


coast, at right angles to the walls, over the whole length of the North wal 


" a 
Rea 


FOR THE CHESHIRE DEE. 39 


| These currents were especially evident in the region of sections 9 and 12, 
j where they attained a speed of 6 knots. It was clear, therefore, that in 
i order to facilitate navigation it would be necessary to raise the North 
} wall above high-water level almost throughout its length, and whilst this 
} device was studied in some detail, the scheme of a trained channel through 
i the Bagillt bank could not be freed of certain inherent faults, viz : 


(i) The amount of dredging to establish and maintain a navigable 

channel is large. 

(ii) The channel, being straight, is essentially less stable than a 
curved channel. 

(iii) The ebb-current seaward of the toe of the walls is rapid and - 
would erode any foreshore not heavily protected. 

(iv) The approach to the mouth of the walls from the Hilbre side of 
the estuary is difficult. 


| (f)—Tests on the smaller model with bed initially level. In order to 
‘determine what sort of configuration of sand-banks would be produced 
“by the action of the tides if the bed of the estuary were initially level, 
four experiments, one with sand and three with pumice as bed-material, 
} were carried out on the smaller model. For two of these tests, one with 
sand and one with pumice, all training walls were removed ; in the other 
tests, a wall representing the existing North wall was introduced. The 
“results are shown in Figs. 6 (pp. 40, 41). 
__ They are of interest in demonstrating that, without training walls, the 
“main channel tended to make towards the Wirral side of the estuary; 
“nor did the introduction of the training wall materially affect this tendency 
| beyond the toe of the wall. 
In every case the Bagillt bank was developed as a prominent feature 
of the estuary. It is produced partly by the direct transportation of the 
; flood-current and partly by an eddy contained in the flood-tide and making 
_ towards the Welsh shore. 


Schemes for a Trained Channel other than through the Bagillt Bank. 

_ Experiments have been made on numerous schemes of single and 
double training walls and groynes. These indicate that a trained channel 
between two walls offers the only solution. They also show that for such 
a scheme to be successful, the walls would have to be extended for a 
considerable distance down the estuary to a point where the channels are 
comparatively stable. 

_ Among the many schemes tried were those shown in Figs. 7 (pp. 42, 43). 
_ Any of these schemes reduces the rate of rise of the tide at Connah’s Quay, 
especially the early portion of the flood, and tends therefore to minimize 
| siltation in the upper stretches of the river. From this point of view, 


os B is preferable to scheme A, and it also ensures the reclamation _ 


* . . . “ 
a considerable area of the White sands. The cross wall joining the 


‘ 
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South wall to the Flintshire foreshore was found desirable to protect th 
foreshore against the scouring effect of the flood-tide, which rushes i 
the funnel-shaped basin between the South wall and the shore. 

Scheme B, however, still leaves the channel seaward of section 9 in 
unsatisfactory unstable condition. This objection could be met b y 
extending the walls as in scheme C. , ; 

Scheme D compares favourably with scheme C in that the traine 
channel is more readily accessible from both sides of the estuary, and. 
South wall runs closer to the harbour at Flint, so that a gap may be 
in that wall to communicate with the harbour by a revetted chat 
By reclaiming the foreshore between there and Connah’s Quay with t 
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Figs. 6. 
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of a wall above high-water level, as in scheme E, the effective flood- 


‘scouring velocity was slightly reduced, and a material gain secured in 


easier access afforded to Flint harbour. The high South wall running 
) the foreshore prevents the marked sweep of the flood-tide across 


revetted channel. 


‘iments on Scheme D. 
he distance eee the walls in this scheme is approximately _ 
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Figs. 7. 
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Figs. 7. 
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widening to 615 feet at the mouth of the walls, Experiment indicates 
that, if the gap between the walls is gradually increased from 420 feet at 
section 10 to 1,020 feet at the mouth, maximum flood-velocities between 
the walls are increased by some 10 per cent., and the high-water levels at 
‘Connah’s Quay and Chester weir are lowered 0-2 and 0:3 foot respectively, 
whilst low-water level is sensibly unaltered. : 

_ The walls of this scheme lie parallel to the direction of flood and ebb 
during the major portion of the tide, whilst with walls of crest-level as 
given in Table I (p. 44) no objectionable cross currents were detected : 
The length of extension of the North wall is 7,000 yards and that of 
the South wall 11,000 yards, the distance from Connah’s Quay to the mouth _ 
‘of the walls being 7-1 miles, or 1-5 mile less than with the walls of scheme , oe 
| A channel was dredged between the walls of this scheme and a test of 
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Tase I. 


Section. 


edie hat aa 
eet above L.B.D. 
orth wall as 24 24 25 25 25 2 
South wall . . |H.W.*|H.W.*|H.W.*| 26 23 2 


* South wall in scheme E. In scheme D, which, as previously explained, is no 
so satisfactory, these crest-levels of the south wall were 23-0 L.B.D 
9-3 years of tides made in order to investigate the behaviour of such @ 
trained channel and of the channels upstream and downstream of the 
walls. For comparison, a run of 9:3 years was also made with existing 
walls only. Surveys taken showed that the dredged channel was well 
maintained ; the bed above Connah’s Quay was appreciably lower with 
the extended walls than with existing walls, and below the seaward end 
of the extended walls the channels suffered no deterioration compare ed | 
with the test made on existing walls. 

Spring-tide observations made at the end of the 9:3 years’ test showed 
the following comparative results : 
(+ sign signifies higher level, or longer time, with scheme D than with 
existing walls. ‘‘ Turn of surface” means reversal of direction of surface- - 
current from flood to ebb.) | 


(a) With ‘No River” Flow: 


High-water level at Connah’s Quay: —0-7 foot 
Low-water 53 Shee —1'8 feet 
High-water level at Chester weir : —0-7 foot 
Low-water A Fe Ese —-3-0 feet 
Time from beginning of flood at Connah’s Quay to : 

“ Half-tide ” at Connah’s Quay : +300 per cent. 
“Turn of surface ”’ 5 -B471% 5 
Beginning of flood at Chester weir: +54 ,, 


“Turn of surface ”’ 


. 
” ” . ae! ” 


(b) With ‘* Normal River” Flow : 


High-water level at Connah’s ae 0:7 foot 
Low-water _,, : —2°7 feet 
High-water level at Chester weir : —0-2 foot 
Low-water _,, Be acteehts cies —3-6 feet 
Time from beginning of flood at Connah’s Quay to : 
* Half-tide ” at Connah’s Quay : +237 per cent. 
“Turn of surface ”* SOU nas 
Beginning of flood at Chester weir : +41 © ,, 
“Turn of surface” ,, Pe Re +42 ,, 
(c) With ‘Flood River” Flow : 

High-water level at Connah’s ies —0:3 foot 
Low-water —2-2 feet 


High-water level at Chester weir : —0°3 foot 
Low-water . oF ae —3-0 feet 
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Time fies beginning of flood at Connah’s Quay to : 


“ Half-tide ’’ at Connah’ 8 Ons: +310 per cent. 
*¢ Turn of surface ”’ +39 as 
Beginning of flood at Chester weir : +42, 
“Turn of surface ”’ * = : E85 oss 


At Connah’s Quay with the walls of scheme D, the flood begins 36, 
41-5, and 28 minutes earlier than with the existing walls, according as to 
whether there is ‘‘ no river”, normal flow, or flood discharge respectively. 


Experiments on Scheme E. 


_ (A) Immediately following the test on scheme D, the walls were 
modified to the layout of scheme E by reclaiming the foreshore between 
Connah’s Quay and Flint. 

_ The information tabulated below was then obtained : 

_ (= sign indicates water-level lower with scheme E than with existing 
walls after 9-3 years. Readings marked (1) are for “ no river”? flow, (2) 
for “ normal river”’ flow, and (3) for “ flood river” flow.) 


Connah’s Quay, high-water level (1): —0-4 foot. 
9 ba ” (2) : —()F ‘5 om 
” ” ” (3) : =0:2" 5; 
Connah’s Quay, low-water level (1) : —2-6 feet. 
” 9 33 (2) : —2-9 2° 
2 ” ” (3) : —2:7 9 
Chester weir, high-water level (1) : —0°8 foot. 
omy ” 9 (2) : —0-4 29 
” ” ” (3) : —0-6 ” 
Chester weir, low-water level (1) : —2-6 feet. 
” ”” ” (2) : —3-0 ” 
” ” ” (3) : —2:3 2” 


~ With scheme E, the maximum surface-flood velocity near Connah’s 

Quay i is about 0-90 of that measured with existing walls after a run of 
9- -3 years. During the first half-hour of the flood, however, the velocity 
with scheme E is little more than half that experienced with existing walls. 

Again, velocities measured late in the ebb are some 20 per cent. greater 
with scheme E. 

~ In the experiments discussed above, the soundings in the dredged 
channel between the walls were as follows : 


2 TaBE II. 

section: | 2 3 4 | 5 | 6 | 7 8 10 |. 12 de, | Moushs 

Sas. — ieee , 

ae 9 12 8 8 8 7 9 a 2 a 1 S3e- 
i (10) | (8) | (7) | (4) | (4) | @) | G) [(—2) | (—8) eZ 
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If the bed be lowered to the levels shown above in hrckeel the 
comparative spring-tide levels become : 


Normal river. Flood river. 

Connah’s Quay, high water : —0-3 foot —0°3 foot 
», low water: —3-T feet —2:-7 feet 

Chester weir, high water: +0-1 foot —0-6 foot 
low water: —3:0 feet —2-3 feet 


> 9? 


(The figures given above are relative to existing walls after 9-3 years, ) 

The effect of lowering the bed is greatly to reduce the maximum flood-: 
velocities between the walls and above Connah’s Quay, without appreciably 
affecting the ebb-velocities. 

With “normal river”? flow, the spring high-water level at the mouth! 
of the walls is 0-1 foot, and the low-water level is 1-0 foot, lower than 
with the existing walls. | 

(B) A complete test of scheme E has been performed in the following: 
manner: - 

The bed of the model was completely remoulded to the standard initial 
condition. Starting with existing walls, extensions were made as in the Q 
programme below : 

(a) After 1-7 month of tides, the South wall was raised above high: 
water and was extended as a high wall as far as section 7. : 

(b) After 11-5 months, the walls were extended to section 8 (the South bh 
as a high wall; the North as a low wall). 

(c) After 1- 8 year, the foreshore was reclaimed as far as Flint Tip witl 
a high wall. 

(d) After 1-92 year, the North wall was extended to section 9, 
the South wall to section 10, leaving a revetted gap at Flint. 

(e) After 2-64 years, the South wall was extended to section 12, and a 
North wall inserted between sections 11 and 12, leaving a gap in the Nor th 
wall between sections 9 and 11. 

(f) After 2°98 years, the walls were extended to section 13}, ant 1 
400,000 cubic yards were dredged from between these extended walls. 

(9) After 3°76 years, the walls were carried to their full extent and 
450,000 cubic yards of material were dredged. ‘| 

(i) After 4-66 years, the scheme was completed by building a wall| 
across the gap previously left in the North wall between sections 9 and 1§ 
3,750,000 cubic yards of material were dredged between the walls to give 
the following channel-bed levels. 


TABLE III. 
Section : | 2 | + | 6 | s | 10 | w | 1 | stout . 
Channel-level: feet above a 
BOBS a. Sastre fu. ee) 22081. 10 | 9) ci Gate 2 i * oan 
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_ Of the total 4,500,000 cubic yards dredged, the first 850,000 cubic yards 
twas deposited behind the South wall; the remainder was deposited partly 
behind the South and partly behind the North. Dredging was carried 
jout over the full width between walls. 
} (j) After 14:3 years, or 9-64 years after completing the scheme, a full 
(survey was made, a partial reproduction of which is shown in Fig. 8, 
)Plate 2. 

} Following the test described above, the model was remoulded to the 
istandard initial conditions, and a run of 14:3 years made with existing 
fwalls only. 
_ Comparable tide-data observed at the conclusion of the tests are set 
lout below : 


TasBLe [V.—Scueme E: Erect arrer 14:3 Yuars (Normat RiIvER). 


(A negative sign indicates a lower water-level with scheme E than with 
existing walls.) 


cal Spring tides. Neap tides. 
Connah’s Quay, high-water level. « —0-4 foot —0°6 foot 
~ aaa e low-water level . . —2-8 feet —3:2 feet 
Chester weir, high-water level . . —0-2 foot ¥ 
- ;, low-waterlevel . . . —4-6 feet —4:5 feet 


’ * With scheme BE, there was a tidal range of 2-7 feet at Chester weir ; 
siltation during the 14:3 years of normal river with existing walls caused. 
the neap tide to vanish below Chester weir. 


On spring tides, the effect of scheme E was to increase the time from 
the beginning of the flood to high water at Connah’s Quay by more than 
100 per cent.; relative to low water at Hilbre island, the flood-wave 
reached Connah’s Quay some 27 minutes earlier than with existing walls. 
The corresponding figures for neap tides are 54 per cent. and 60 minutes. 
Between Connah’s Quay and Chester weir, the bed-level was very 
appreciably higher with existing walls than with scheme H.. An especially 
significant point is that, over the region from 1} to 2 miles upstream of 
pnah’s Quay, the bed rose from 13-50 L.B.D. to 14-40 L.B.D. during 
e period of construction of scheme E ; afterwards the bed was scoured 
2-30 L.B.D. ) 

- In the 9-64 years after the completion of the scheme, the bed of the 
channel between the walls rose about 1 foot from its dredged state, but 
there was every appearance of stability at the self-adjusted level. Accom- 
panying the natural readjustment of the bed below Chester weir, the 
level of low water at Connah’s Quay was observed to rise 0-4 foot and at 
Chester weir to fall 0-7 foot during the period of 9-64 years. Wie sagen, 
Over the region of the estuary seaward of the mouth of the walls, no 
deterioration was observed as compared with the test on existing walls. 


pi, 
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Tests on the Effect of a Suggested Barrage below Connah's Quay. 


It has been suggested that a barrage, equipped with locks, might be 
built across the channel at the end of the existing South wall. This 
barrage would be provided with sluice gates to open during the latter 
part of the ebb tide, discharging the water accumulated upstream during 
the period of closure. No tide water would be allowed to pass above the 
barrage on the flood, and the scheme offers the attractive prospect of 
preventing the drift of sand up the river while encouraging scour of the 
lower channel on the ebb. 

Accordingly, a model-barrage was introduced, containing a gate which 
was opened by a solenoid operated from the main driving mechanism in a 
manner similar to that described by Professor Gibson}. 

The period of opening of the gate was varied with varying river flow 
to give a minimum water-level of +6 feet O.D. above Connah’s Quay.’ 
With “normal river ”’ flow, the necessary time of opening was 2-15 hours, | 
and with a flood river of 4 hours the level of the sluice gate-sills wa 
—6-00 0.D. 

A pair of corresponding tests was carried out : 


(a) with existing walls, except that the South wall was raised above 
high-water level ; 
(6) with the barrage in operation. ; 


In each case, the test started from the standard initial bed-condition 
below the site of the barrage. In case (a) the bed conditions were also: 
standard above the barrage, but in (6) the bed above Connah’s Quay was 
moulded to a uniform level of 8-7 L.B.D. (that is, 6 feet below O.D.). 

Each run lasted for 1 year of tides, during which the river flow was: 
varied as follows :— . F 


3months. ..... . . . *no river” flow 
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The comparative results thus obtained showed that, whilst there was: 
considerable scour immediately downstream of the gate, the scoured 
material was largely redeposited in the channel upstream of Flint, and 
that the average bed-level between sections 4 and 8} was raised by as 
much as 2 feet. Between sections 8} and 17, the average level was raise¢ 
some 12 inches. During an additional year’s test on the barrage, further 
deterioration was observed, especially between Flint and the barrage 


There was no indication that, as was hoped, a channel of level 6 feet below 
O.D. could be obtained, except by dredging. Further, such a dredged 


1 “Construction and Operation of & "Tidal Model of the Severn Est *”, Ap- 
pendix A. H.M. Stationery Office, 63-78-2, London, 1933, pape 
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} channel would not be maintained, for during periods of little river flow, 
} when the volume of water available for discharge through the sluices 
1s small, fresh material would be carried up to the barrage on the flood 
tide. This general effect is demonstrated by an experiment made with 
a closed barrage and with no river-discharge. _ Figs. 9 (p. 50) show the 
} state of the channel after one hundred and seventy-three spring tides 
- with and without the barrage, and also show the channel after a total of 
} eight hundred and one tides with a closed barrage; the silting of the 
| channel due to the suppression of the ebb discharge from the upper river 
} is shown graphically. 

| Tide observations showed that the level of high water just below the 
| barrage is sensibly unchanged; low-water level is, however, directly 
- affected by the changed level of the bed. Under flood-river conditions, 
} the sluice gate discharged for a short time under a head of 12-5 feet. This 
' involves a spouting velocity of some 28 feet per second. The head could, 
} of course, be reduced by opening the gates earlier ; thus if they were opened 
- 8 hours before low water, the maximum head would be reduced to about 
-} feet, and the spouting velocity correspondingly to some 17 feet per 
second, but the ebb scour would become less effective. 


CONCLUSIONS. 


The main results obtained from this investigation of the Cheshire Dee 
‘may be summarized as follows :— 
_ (a) An improvement in the channel upstream of Connah’s Quay is 
nticipated if the present South wall were raised above high-water level 
‘and were continued as such as far as the end of the existing high North wall. 
(b) In order to improve the channels below Connah’s Quay, whether 
yr the sake of drainage or of navigation, some system of training walls 
extending for a considerable distance beyond the present walls is necessary. 
- (ce) A channel trained between double walls is the only satisfactory 
lution. 
(d) As described in the section entitled “Schemes for opening a channel 
through the Bagillt bank” (p. 36), the possibility of trainmg a channel 
‘through the Bagillt bank into Mostyn deep by means of extensions to the 
existing walls in continuation of their present line, has been explored in 
some detail. The scheme is only practicable by the use of a very costly 
system of walls; it has many disadvantages, as set out in sub-section (e), 
. 37. , 
_(e) The scheme offering the balance of advantages of the many which 
"have been studied is that designated scheme E in Figs. 7 (pp. 42, 43). This 
8 cheme would provide a total length of trained channel seaward of Connah’s 
Quay of 7-1 miles. It would involve an extension of 11,000 yards to the 
th wall and of 7,000 yards to the North wall. The channel thus formed — 
uld pass within 500 yards of Flint Tips and a gap could be left in the South 
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L.W.O.S.T. indicated thus 


wall opposite Flint to provide access to Flint. Provided that the foreshore 
between Connah’s Quay and Flint is reclaimed with a high wall, navigation — 
of the channel through the gap appears to be rendered quite easy around 
high water. 
Scheme E greatly prolongs the time from the beginning of the flood 
to high water at Connah’s Quay, while having the effect of reducing flood- 
velocities and increasing ebb-velocities in that region. Between Connah’ 
Quay and Chester weir, high-water and low-water levels with the river in 
flood are lowered appreciably. 
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As the level of high-water springs is approximately +29-00 L.B.D. 
tween the mouth of the walls and Connah’s Quay, it follows that if 
edging were carried out between the walls to maintain a level of, say, 
-9-00 L.B.D. near Connah’s Quay, the depth at high-water springs would 
be 20 feet near Connah’s Quay and 30 feet at the mouth of the walls. The 
“depth at low water spring tides would be approximately 3 feet throughout. 
(f) The possibilities of a barrage near Connah’s Quay have also been 


q barrage would be effective. On the contrary, they indicate that, except 
the immediate vicinity of the sluice-gates, the seaward channel would 
deteriorate. 
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Discussion. 


Mr. Elsden showed a number of lantern-slides illustrating the work : 
described in his Paper. 

Mr. Allen showed a series of lantern-slides in illustration of hiss 
Paper. ; 
‘sir Leopold Savile, Vice-President, wished to express his regret i 
that his senior partner, Sir Alexander Gibb, Past-President Inst. C.E., , 
had not been able to be present that evening, because Sir Alexander was | 
particularly interested in the model and had really been responsible for 
recommending to the Rangoon Commissioners that they should deal _ 
with their problem by means of a model. It would be generally admitted | 
that Sir Alexander had taken a bold step in embarking on a model-expe . 
ment involving the expenditure of about £10,000 at a time when the | 
advantages to be obtained by such an experiment were considered by » 
engineers to be very doubtful. That Sir Alexander was justified in his 
_ decision would be clear, as in spite of the fact that the navigable depth of the 


channel had been growing less for many years, it had been possible to advise 


the Commissioners, as the result of the experiments, that the von 


tion would appear to have reached its limit, and that there was a reasonable | 
_ prospect, without any large expenditure being undertaken on walls or 
dredging, of the conditions improving, or at any rate not deteriorating any 
further. That that advice had been justified so far would be borne out b 
Mr. J. Guthrie Brown, M. Inst. (.E., later in the discussion. ' 
It would no doubt be realized that the results of the model-experimen 
could not have been obtained but for the work done on models by Professor | 
A. H. Gibson, M. Inst. C.E., and others. It was due to the work that 
Professor Gibson had done and to the generous help that he gave that it 
_ had been possible to take advantage of the practical problems which he 
had already solved and to develop the model in the way that had bee 
done, In addition to the experience gained in former work on models, — 
reference should also be made to the enormous amount of work which _ 
had been entailed on the part of the technical officers of the Rangoon Port | 
Trust, because it would be readily realized that a large amount of data and H 
a great many observations had to be obtained and made ; Mr. W. D. Beatty, _ 
M. Inst. C.E., the Chief Engineer of the Rangoon Port Trust and hig | 
engineering staff, and Commander C. M. L. Scott, R.N. (retired) Deput ; 
Conservator, and his surveying staff, were to be congratulated on che manne | 
in which they supplied all the requirements under what were very ofte n 
Sete ee and hazardous conditions. vam 
ast, but not least, Sir Leopold wished to record t reat ciation 
of himself and his partners of the fact that the qarecey boa Y 
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University College, London, had placed a large basement at the disposal of 
the Rangoon Port Commissioners, and that Professor E. G. Coker, M. Inst. 
‘C.E., and later Professor G. T. R. Hill, of the Faculty of Engineering, 
and Professor F. G. Donnan and Mr. Henry Terrey, of the Faculty of 
“Chemistry, had rendered most valuable assistance. . It was only right to 
record that the satisfactory results obtained would not have been possible 
: without the assistance and advice which had been received. 

_ Mr. G. J. Griffiths remarked that he would confine his remarks to 
Mr. Allen’s Paper. He had always considered that sooner or later there 
‘would be a controlled channel extending downstream some considerable 
‘distance below Connah’s Quay, and he was very glad to see that the 
“matter had been so thoroughly investigated. At the same time he would 
like to utter a warning in regard to the results of the model-tests, parti- 
-eularly from the point of view of the erection or forming of training 
walls. The sands in the Dee estuary were very unstable, and great care 
“would be necessary to ensure the stability of the foundations of the 
training walls. It might also be possible to construct groynes at right- 
“angles to the training walls, and hence gradually to reclaim the whole of 
_the foreshore. 

The Paper showed how valuable the use of aerial photography was in 
urveying an estuary of the kind in question, and in fact for all classes of 
work. He had not the time to consider all the details of the various 
“schemes which Mr. Allen had investigated, but from a wide experience of 

90th the Mersey and the Dee estuaries, he felt sure that those concerned 
were correct in not trying to keep the controlled channel too near to the 
Flintshire coast ; he thought that it might be well that they should carry 
ut additional investigations with regard to the width of the mouth of the 
controlled channel before they proceeded further into the matter, because » 
that factor was all-important. 

_ He agreed that a barrage would be useless. With regard to the training 
“walls, he hoped that the southern wall would always be kept above the 
level of high-water spring tide, its extensions being gradually followed 
“by those of the northern wall, also kept above spring-tide level, so as to 
assist in the reclamation of both foreshores. 

Captain G. A. Wright said that he was the instigator of the investi- 
“gation of which Mr. Allen had given such an interesting account. The 
Jack of financial resources had prevented the River Dee Catchment Board 
from carrying out an instrumental survey of the Dee estuary and it could, 
therefore, be said that the Board’s poverty had resulted in the study by 
Mr. Matheson of plan-projection from obliquely-taken aerial photographs, 
and subsequently in the construction of the model described by Mr. Allen 
from the survey prepared in that way. He wished also to point out that, 
although the river was called the Cheshire Dee, only 5 miles of its course lay 
in Cheshire, the remainder being in Wales or forming the boundary between co 
Wales and England. . PG 

_ Mr. Oscar Borer said that he was particularly interested in the size 


jj} 


_ had gradually come to be the practice with regard to tidal models. At 


_ would be to set up a flow behind the walls. 


_ time, but from what he could see of some of 
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of the bed-material chosen for both the models described in the Pape 8. . 
In the case of the Rangoon model, he noticed that Mr. Elsden stated that | 
the grain-size was approximately three-quarters of the size of the material | 
found in nature, a proportion which Mr. Borer had found to be fairly’ 
satisfactory. What size sand had Mr. Allen used in his models ? 

In the Rangoon model silt was introduced in suspension. Since the: 
banks were referred to as being alluvia!, presumably some form of alluvial | 
silt was introduced. In Mr. Borer’s experiments alluvial silt had been 
introduced, but had produced a very bad effect; when that came down: 
with the fresh water and entered the salt-water portion, representing ; 
the sea, there was at once coagulation of the material and it settled on. 
the bed, so that after the first few tides—a matter of a few months in. 
natural time—the whole of the bed coagulated. He would be interested 
to know whether any effect of that kind had been found in connexion with | 
the Rangoon model, 1 

Mr. Allen stated that no silt in suspension was supplied to the model 
of the river Dee, He assumed that the Dee carried silt only at certai 
times, and that therefore the investigations had been confined to thi 
movement of the bed itself. It sometimes seemed to him that discussions 
in regard to silt in suspension did not lead very far, because, after all, a 


material were in suspension it did fot matter whether or not it mov 
up and down the river, and he thought that Mr. Allen had discussed the 
problem correctly ; it was with the movement of the grains of sand along — 
the bed that the engineer was concerned. 


Mr. Allen had used a second model, and Mr. Borer thought that that 


the Poona research station three models had recently been used when — 
dealing with tidal problems, It was not possible to be quite sure that one 
model was going to give the exact results, and since there was a 
sum of money involved in the actual works, it was desirable to check the 
results by means of a second model. | 

On p. 38 Mr. Allen referred to a strong ebb current impinging on the | 
foreshore seaward of the walls, the current being apparently induced 
by the construction of the walls themselves. That was an effect whic b 
might be expected, because if an attempt were made to divide an estuary 
artificially by putting in high training walls, there was sure to be some 
portion of the estuary which would not receive its proper amount of tidal 
water, and therefore a cross current would be bound to be set up in th 7 
endeavour of the tidal waters to restore equilibrium throughout the whole 
estuary ; the inevitable result of that, especially with high training walls, 


He knew that the experiments 
with regard to the Dee walls had not conti : 


there seemed to be a tendency for a scour 
walls. If that were so, 
extremely difficult. Suc 
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_ the water was coming off from the estuary and could no longer find its 
| way into the channel into which it naturally flowed, it naturally flowed 
_ against the only obstruction which could possibly bear against it, and so 
_ gradually the water from either side of the training wall would tend to flow 
~ outside it. If the channel were partially filled with silt, however, there 
would probably not be much tendency to scour it clear again. The 
_ construction of the training walls would in any case not be easy. 

| He wished to make a brief reference to the use of the barrage. Mr. 
_ Allen referred to the fact that a hole appeared below the barrage, apparently 
_ suggesting that the fresh water was held up, and said that it was discharged 
_ in the lower part of the ebb. If the gates were only partly opened, so 
that there was a discharge underneath them, with an artificial head, 
local scour was certain to occur, with a great deal of shock through the 
| head of water being discharged into the area below. If, however, as soon 
‘as the level at which it was desired to operate the barrage (perhaps 
1 or 2 feet below the impounded-river level) was obtained, the gates were 
opened fully, local scour was no longer created ; the surface-slope of the 
‘whole river would be steepened, and the effect would therefore be very 
different from that of leaving the gates partially closed and thereby 
inducing local scour. A great deal of investigation would be involved 
if there were to be any hope of a barrage being at all successful on the river, 
‘and he would be interested to know whether or not the Author had 
attempted to see what would happen if he simply made use of the water — 
_ stored behind the barrage to create a greater head, and therefore a greater 
" surface-slope, which would have an effect for some considerable distance 
_ below the barrage itself. 

Mr. J, Guthrie Brown observed that the Rangoon model was based 
on the principles brought into the realm of practical engineering by Pro- 
fessor A. H. Gibson, M. Inst. C.E., in recent years. It was doubtful 
_ whether a model had ever been used before to deal with such a large 
number of variable factors, and with so little information at the start 
_ with which to allow for them ; at the time it was the largest tidal model to 
_ be constructed in Great Britain. 

_ The behaviour of most models was extremely temperamental, especially 
in their early stages, and there were many initial difficulties to be over- 
come in the Rangoon model. The extensive problems which had had to be 
solved were very well described in the Paper, and satisfactory information 
had been obtained on all the unknown factors. The confidence felt in the 
accuracy of the model in foretelling the future enabled Sir Alexander Gibb 
to indicate, as a result of its operations, that the conditions at the bar, 
which had suffered as the result of deltaic degeneration of the river mouth, 
with consistent loss of navigable depth, for the greater part of a century, 
would appear to have reached their climax. The Commissioners, who had 
contemplated as an essential requirement an extensive and expensive 
system of river-training, were advised that any such expenditure would be — 
worse than useless, that a policy of masterly inactivity was all that was 


ra 
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necessary, and that the conditions would become no worse and would in al 
probability improve. Such advice would have been inconceivable without 
the guidance of the model, and it was gladly accepted by the Commissioners. i 
Whilst that was most gratifying to those concerned with the model, what 
was even more encouraging was that the conditions had improved as’ 
forecast by the model. 

The first reasonably detailed chart available of the river mouth was 
dated 1860, when there was a ruling depth over the bar of 24 feet at low 
water spring tides. This depth continually decreased until in 1931 the 
depth available was only 12 feet; the model-experiments were then 
commenced. ig. 1 showed the depth of water over the bar during the last 
9 years. There had been a period of 3 years, during which the model was 
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operated, when the 12-foot ruling depth was still about the same. Up to | 
that time there had been no justification for hoping for an improvement. 
The model-results, however, indicated that the conditions would, in Sis 
improve, and in due course they had started to improve ; the results had 
proved the accuracy of the forecast, because up to date there was a ruling 
depth of 20 feet over the bar, there having been a gradual and continuous _ 
improvement. | 

Mr. J. M. B. Stuart said that on p.7 of Mr. Elsden’s Paper were given 
some of the possible causes of the trouble at the outer bar. No. (8), 


e Irrawaddy and washed 
“ Changes in the tidal streams _ 
y and other changes in the Rangoon river 
mouth ”’, were probably the most important factors ; No. (3) was probably | 


eastwards by tidal streams”, and No. (5), 
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a more or less constant factor over a number of years, whereas the 
changing factor was No. (5). 

_ The purpose of the model was to find the cause of the growth of the 
outer bar and to ascertain whether or not anything could be done to 
‘Improve conditions there. There were apparently no questions concerned 

with the Rangoon river itself to be investigated by the model, and, whilst 
‘there might have been good reasons for what had been done, it seemed to 
him that it might have been possible to have dispensed with the labyrinths 
of the Panhlaing and Pegu rivers and of Pazundaung creek, and to have had 
one combined labyrinth for the Rangoon river and the channels which 
tan into it at the upper end of the Hastings shoal. That would have 

‘simplified the model-arrangements. 

_ On p. 17 it was stated that provision was made in the case of the 
‘Sittang labyrinth to reproduce the effects of the Alok cut, which was a 
cut-off which shortened the course of the river by between 30 and 40 miles. 
On p. 13 the Author seemed to have gone away from the idea of representing 
things accurately as they happened in the Sittang river, because it was 
there stated that only one-half of the calculated discharge was supplied 
to the model, it being considered that only half the actual river could be 
‘said to flow into the modelled area. He would like to know why those 
‘comparatively small channels, such as the Twante canal and the Bassein 
ereek, were included in the model; they could hardly have any effects 
on the problem under investigation. 

_ The mouth of the Sittang river oscillated from side to side over periods 
‘of time. During recent years there had been an accretion on the east 
‘side of the Gulf of Martaban, and erosion on the western side of the mouth 
of the river. It was possible that those changes in the gulf and the coast- 
line might have had some effect on the increase in height of the Outer bar. 

Great trouble had been taken in the model to give special consideration to 
all the rivers that entered the area, but it seemed to him that the coastline 
and the changes in the gulf could have been considered only very vaguely 
in the model. 

On p. 28 the final decisions were mentioned. The Rangoon Port Com- 

Missioners apparently accepted the advice of Sir Alexander Gibb and 

Partners and did not carry out any dredging, and they were wise in so 

doing, but it was rather doubtful whether there was any necessity for them 

to announce that in future Rangoon would be only a second-class port, 

because from what Mr. Guthrie Brown had said it would appear that the 

conditions were now much better there than they had been. It was 

unwise for the Commissioners to say that they could not take any vessels 

drawing more than 28 feet of water. At that time—1935—Rangoon was 

only a port for Burma, but in view of the war in China it was now a port 
for western China also, and might be of greater importance in the future 
than it had been in the past. = 

_ Mr. John McClure observed that it would be of interest if Mr. Elsden 

yuld explain what provision had been made in the tidal mechanism for 


— - 


from that experiment, it seemed to him that it would not be very’ 
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producing the natural period of rest, varying from, say, 20 to 30 minutes | 
at high and low water, as such periods of rest had an important effect on i 
the deposition of the silt. The peaks of the model tidal waves in the | 
diagrams shown in Figs. 8, Plate 1, seemed somewhat sharp, and would . 
indicate a lack of still-water periods. \ 
After 3 years of model-investigation, the final decision reached had been 
to permit present conditions to remain and to limit the future draft of ' 
vessels using the port, which seemed somewhat disappointing ; in that ; 
connexion it would be of interest to know whether any model-experiment | 
had been made with the proposed dredged channel shown in Fig. 9, Plate 1, | 
using half-tide banks to form a funnel entrance to the cut. Clay seemed . 
to be available for the purpose, and the advantage of using clay was that if } 
shortly after the commencement of the cut, it were found that no good . 
purpose was being served, it would be quite easy to dredge it up again, , 
whilsti if the effect of the channel were really satisfactory it could be mad 
more permanent. Ina similar case of a long dredge and curved entrance- | 
channel with which he had been concerned, such a hard clay funnel- 
mouth bank had been formed, with very good results in the maintenance of | 


1 
under scheme E had been made, especially on ebb tides, by actuall } 
forming a channel. Had any experiment been made by drawing the: 
sand aside and inducing the channel to avail itself of the ebb flow’ 


which was referred to? If in the model any advantage had been found . 


difficult, with a big sand-dredger depositing sand from that channel (not 
the full depth at once), to introduce it, with the proviso that the sand. 
which was dredged from the cut had to be introduced under water-level 
at the banks, and not above water-level. If that were done, it would be 
found that the sand would stay there, and would probably not be readily 
carried away by the currents. | 

Mr. J, L. Matheson remarked that the great complexity of the regime : 
in the Rangoon estuary and the various points which had been taken in tO | 


parative simplicity of the Dee estuary, which was almost free of silt, so that | 
it was not necessary to introduce it into the model. | 

That contrast between the two models was reflected in the tide: 
curves. The Rangoon tide-curves showed a slight divergence betwee 
those of the model and those actually obtained in the estuary, no doubt 
due to the great variety of influences which affected the Rangoon tide, 
On the other hand, the tide-curves of the Dee showed an almost:exa q 
agreement between the tide in the model and the tide in the estuary. “a 

Turning to the question of the Dee, he showed two lantern-slides whit 
illustrated the regime in that river. A survey of the Dee in 1732, w 
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_ that the deep-water channel clung to the north shore of the estuary. The 
_ training walls had been constructed about 1750 and deflected the channel 
to the south shore, but seaward of the walls the channel reverted to the 
| north shore near Parkgate (Figs. 1, p. 31), which at that time was a port of 
some importance. That tendency of the river was shown exactly by the 
model itself, and it was interesting that every attempt which was made 
_ to restrain it on the south side met with considerable opposition from the 
iver itself, which tended to revert to its old course along the north bank, 
- It was also particularly interesting to notice how the S-bend in the river 
_ near Parkgate, which had been shown on some of Mr. Allen’s lantern-slides, 
| was developed in the model with remarkable accuracy. 
Mr. Ll. E. Williams, Assoc. M. Inst. C.E., had found the speed of the 
bore in the river between Connah’s Quay and Chester to be 8 miles per 
hour, The speed in the model, when converted to full-scale units, was 
794 miles per hour. : 
_ Mr. G, A. Maunsell had taken part in a preliminary investigation 
into the problem of the Rangoon Outer bar. That investigation had com- 
prised both a study of old records and an examination of the actual condi- 
tions near Rangoon, where he spent several weeks in 1929. As a result of. 
| that investigation the conclusion had been reached that training banks 
| offered yery little prospect of success within reasonable limits of cost. He 
was, therefore, very interested to see that the third stage of the model- 
experiments described by Mr. Elsden—namely, the attempts to see the 
effect of training banks in a model—showed that the conclusions reached 
from the preliminary investigations were sound. — 
_ Mr. Elsden also mentioned the very interesting fact that the mouth 
of the old Rangoon river might possibly have followed quite a different 
‘course about 200 years ago. That was the conclusion that had been 
reached as a result of the examination of old records. Such a change in 
course was not inherently unlikely in that neighbourhood, because the whole 
district was a vast natural laboratory where great changes in the river 
regime were going on at an extremely rapid rate; for example, in the 
Sittang river, a little higher up the Gulf of Martaban, there was a pro- 
‘nounced bore, and within living memory a big cut-off had occurred whereby 
a 40-mile length of fairly wide estuary had been eliminated. 
Mr. Elsden found that it was impossible to find a material which would 
produce the effect of erosion in the model, and he described how, at 
intervals during the experiment, he used to pare away by hand banks 
which were eroding in practice, whereas the model by itself was capable 
automatically of producing the silting effect by accretion. Mr. Allen, 
‘on the other hand, was able to produce the effect of erosion as well as of 
accretion in his model, and it had been mentioned that the model of the S 
I ee was a very much simpler problem on account of its being just a matter 
of a fresh-water discharge combined with and the flux and reflux of tides 
ver a large sandy estuary, whereas in the Rangoon model there were two 
fferent kinds of accretion going on, the accretion of sandbanks rolling 
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down the river-bed and accumulating just at the mouth of the river, and 
the accretion due to siltation. To what extent in the reproduction of the | 
natural accretion in the Rangoon model was it possible to discriminate hed 
tween the accretion due to sandbank formation and the accretion due to 
silting ? Was it possible in the model to produce both sandbanks and mud- 
banks? The bar itself, which extended about 6 or 7 miles out to sea, 
consisted of a huge flat expanse of very soft mud. Just outside the mouth 
of the Rangoon river, where the river channel was itself very deep (that was" 
to say, nearer inshore than the great mud bar mentioned above), the river 
had piled up enormous banks of sand on either side of its channels. Those 
sandbanks were of a firm compact description, and great expanses of tho 
were exposed at low tide. The bottom of the river-channel in the Rangoon — 
river itself were almost everywhere composed of sand or gravel. There 
were deposits of fine silt in backwaters of the channel and the banks of the 
channel were mudbanks which had been cut through by the river and which — 
were being eroded in many places. The bottoms of the active channels 
were, however, almost invariably covered with sand. Mr. Maunsell there- 
fore came to the conclusion that there were two totally independent sources _ 
of accretion, the one being sand which was rolling or drifting down the bed _ 
of the river and which was ultimately finding a resting place in the sand-_ 
banks formed near or just outside the mouth of the river, and the other being 
avery fine argillaceous silt which was being deposited everywhere over the — 
whole bottom of the Gulf of Martaban wherever the movement of the 
current was sufficiently sluggish to permit deposition to take place. For 
many miles off shore the water in the Gulf of Martaban had the appearance 
of very thin pea soup, caused by the presence in the water of that im-_ 
palpable silt, brought down partly by the Rangoon and Sittang rivers but _ 
mainly by the great rivers draining from the central Asian mountain 
plateau, namely the Irrawaddy and the Salween. 

The problem of the Outer bar at Rangoon was quite evidently a case 
of silt-deposit from the silt-laden waters of the gulf, and he assumed that 
Mr. Elsden’s model-experiments were mainly directed to reproducing 
that silt-deposit. However, the fact should not be lost sight of that the 
other deposit of sandbanks, just inside and just outside the mouth of the — 
river itself, was quite a separate phenomenon which was going on all the 
time, and which probably exercised a determining influence upon the — 
direction of the channels at the mouth of the river and to a large exten | 
regulated the erosion in the banks of the river at Elephant Point and else-_ 
where. Had an attempt been made in the model to reproduce that sand 
phenomena simultaneously with the reproduction of the silting phenomena. 
upon the Outer bar ? ; ; 

Mr. Maunsell wondered if Mr. Elsden wished to qualify his statement: 
that the model-experiments were based upon empirical formulas originally 
devised by Professor Osborne Reynolds. It appeared that the use of the 
word “ empirical” might give the impression that there was no basis in 

mathematical first principles for model-experiments. 
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Did Mr. Elsden consider that it would be possible to make model- 
experiments reversible? That was to say, starting with present-day 

_ conditions in the tidal estuary, would it be possible to devise tidal move- 
| ments which would in effect run backwards in time, and which would 
_ Teproduce conditions of erosion and accretion in the reverse order so as to 
. aa up with the state of the estuary such as it did in fact occupy in time 
past ? 

Mr. W. E. Doran said that both the Papers gave very interesting 
accounts of model-experiments, but that as time was limited he proposed 
to confine his remarks to Mr. Allen’s Paper on the Dee. It was of interest 
to note that when the North wall was extended, the scour only extended a 
‘short distance beyond the toe of the wall, and that material was in fact 
carried upstream rather than the reverse. Mr. Allen’s statement with 
| regard to the same result being obtained with three different bed-materials 
telated to what appeared to be a fundamental point in investigations of 
that kind, namely, the selection of the bed-material. The Author 
had not mentioned that any special investigations were made in that 
connexion, but no doubt such an investigation had been carried out. 
It had been found in model-experiments generally that the rate of scour 
depended chiefly on the grain-size and the specific gravity of the material, 
and that the model time-scale could not therefore be applied to the rate 
“of movement of bed-material. From results which had been obtained 
with models in the past it seemed that in many cases, even when special 
precautions had not been taken in the selection of bed-material, the 
models did reproduce their prototypes quite closely, and he felt somewhat 
| puzzled why that should be so, because it appeared to him that unless the 
‘tate of movement of the bed per tide in the model corresponded to the 
‘tate of movement per tide in nature, a cumulative error was bound to 
take place, which, in a relatively short time, would change the channels, 
‘and hence alter the direction of the currents and therefore the tide-curve. 
- Obviously the rate of scour for powdered pumice and for somewhat 
coarse sand would be quite different, and again the critical velocity at 
'which movement began and ceased would also be different ; apparently, 
‘however, the results in the same number of tides were very much the same, 
and no cumulative error appeared to take place. He would be very glad if 
Mr. Allen could explain that apparent contradiction. 
He felt that the question of bed-material was of very great importance, 
because unless its behaviour could be relied upon the validity of the 
‘conclusions as a whole would have to be questioned. In the present case 
it apparently had not been possible to prove the fidelity of reproduction 
‘of the model by selecting a known state in nature, or, rather, two known 
states separated by a time-interval, and then running the model in a 
corresponding manner, in order to see whether the second state in the 
model corresponded to the second state in nature. In the absence of such 
e vidence of the accuracy of the model-predictions, the results depended 
sentially on the question of bed-material movement. 
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He noticed that the model showed a satisfactory stability over 9°6: 
years after the conclusion of the works, and he presumed that although 
the depth of water at low water spring tides was only 3 feet at the end 0 
the training walls, the stability of the channel could be relied upon 
Was there reasonable certainty that storms and other factors which . 
could not be provided for in the model would not cause the channel to 
alter, and thus perhaps invalidate the effect of the training walls? In 
other words, did the model reproduce all the really important factors 
which governed the changing of the channels ? 

With regard to the experiment on the barrage, if the barrage were shut 
it cut off the very important ebb flow of the tide, which would be bound . 
eventually to cause siltation of the estuary, and he wondered whethe 
any experiments had been tried of keeping the sluices open up to the © 
maximum flood tide and then closing them for an interval. In that way — 
the ebb flow of the portion of the river above the sluices would still take 
place and the necessary increased velocity would have been obtained in 
the ebb flow; that increased velocity might possibly have prevented — 
siltation below the sluices. 

In conclusion, he thought that Mr. Allen’s Paper illustrated in a most 
admirable manner the very great value of model-investigations in regard | 
to a tidal estuary. It was only necessary to consider the five projects: 
shown in Figs. 7 (pp. 42, 48), and numerous others which were bound 
to have been tried. Without the help of a model it would have been 
impossible to have assessed with any degree of accuracy the precise effect of | 
each project. Again, in the case of the barrage it had been thought that a 
channel 6 feet below ordnance datum could have been scoured out, but 
the model was able to show that such would not have been the case. In 

view of the directness of the results and the ease with which variations — 
could be tested in a model, he thought that no engineer could be justified | 
in failing to test his theories in that way before putting them into practice! 

x, Mr. M. F.-G. Wilson, Vice-President, thought that everyone would — 
be impressed by the great care and forethought with which every factor 
affecting the question had been considered, and every imaginable cont n= 
gency provided for, when working out the details of the Rangoon model, 
more so perhaps than was often the case. Local conditions were also 
very difficult to provide for, the difference in the flow between the dry- | 
season flow and times of heavy floods being practically in the proporti 
of 1 to 25. A first impression might be that the model had been wor ed. 
out in almost too elaborate detail, and that time and cost could have been | 
saved by adopting a less complicated apparatus, but closer consideration 


question as compared with nature, as the idea of size was governed by th ie 
horizontal scale of so many feet to the inch. In the present case if th 
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three scales were multiplied together it would be found that the volume 
of the model was only about one twelve-thousand-millionth of nature. 
Where such great disproportions were involved it was obvious that too 
much care could not be taken in regard to any detail affecting the construction 
and working of the model, even if that should involve considerable expense, 
for without such care the valuable and reliable results so often obtained 
from models, and which quickly repaid their cost, could not possibly be 
jattained. That as a result of the experiments the Rangoon Port Com- 
Missioners were enabled to come to the important conclusions referred to 
on p. 28 was ample proof of the value of the experiments and the reliability 
that could be attached to them. 

The accuracy with which the actual tides were reproduced was clearly 
indicated by the close similarity between the curves of the natural and 
model-waves, as shown in Figs. 8, Plate 1; in the case of the Severn 
Barrage model there was an even more striking check on the accuracy of 
models: floats put into the river near Avonmouth about the time of low 
water were carried up by the flood, some of them grounding on the river 
jbank when the tide turned. Similar floats put into the model were carried 
up to, and grounded at, almost the corresponding places. 

_ Nevertheless it seemed to Mr. Wilson that, in spite of the good results 
obtainable from a carefully made model, they should always, at any rate in 
certain directions, be treated with caution. The general indications 
might no doubt be accepted with very considerable confidence ;~ for 
example, if the model showed that in certain places or over certain areas 
deposition and shoaling occurred it might be assumed with great confi- 
dence that changes of a similar character would take place in nature. 
Further, the indications given by the model regarding whether the 
observed changes would be slow or rapid might no doubt be relied upon. 
The extent of those changes, as affecting the actual depth of the channel 
at any given spot or over any particular area, should not, however, be 
accepted with certainty. He had on several occasions noted a marked 
difference between the precise indications of the modelin that respect 
and the actual results in nature. Those discrepancies might perhaps be 
accounted for, at any rate to some extent, by the great difference in the 
proportionate size of the sand-particles in the model as compared with 


 It-was stated that the wind fans were regulated to produce waves of the 
orrect height from crest to trough, “‘ a factor considered to be of more 
mportance in this case than length or speed.”” It would be of interest 
if the particular reason for that opinion in connexion with Rangoon were 
given. At Colombo the height of the long heavy south-west monsoon 
waves seldom exceeded about 15 feet, yet they struck the breakwater with — 
such force that on one occasion while the works were still under con- 

struction the whole outer end of the structure, consisting of 32-ton concrete 
locks, was slewed bodily inwards due to the weight of the wave-stroke. 

| The Dee model was built to a considerably larger scale than the Rangoon 


fe 


—S 


64 — DISCUSSION ON RANGOON 


model ; that could be easily and advantageously done because of the much 
smaller area to be dealt with. What was particularly interesting to note 
in the Dee model was the difference in the direction of the main conclusions 
drawn from it as compared with those drawn from the model of the | 
adjoining river Mersey, although the physical conditions obtaining in the: 
two cases were naturally very different. There was a large reservoir of ' 
tidal water in the Upper Mersey, the filling and emptying of which was; 
shown by the Mersey model to produce sufficient scour to render high | 
training walls unnecessary; in fact a trial of such walls in the model | 
proved them to be completely unsatisfactory, and even harmful. There: 
was practically no upper reservoir in the Dee, however, and the experiments ; 
with the model showed that training walls, reaching, over a considerable » 
proportion of their length, to high-water level, were necessary. 
Mr. Elsden, in reply, pointed out that the materials used to represent 
alluvial silt in the Rangoon model were commercial clays, chosen after 
exhaustive tests to determine whether or not they would settle through 
water at the correct scale rate. | 
The coagulation-effect mentioned by Mr. Borer had been definitel; 
obtained in the Rangoon model. In that respect, the model was behaving 
in a manner entirely true to real conditions: the coagulation-effect was, 
in real estuaries, an important factor in producing silty deposits where? 
fresh-water rivers entered the salty waters of the sea, and it was essential | 
that the model should reproduce that phenomenon. : 
Mr. Elsden could say definitely that the model had reproduced both: 
sandbanks and mudbanks in the mouth of the river, and in answer to: 
Mr. Maunsell’s question, he would say that the silt- and sandbanks could 
readily be distinguished when the model was being surveyed. A 3 
mentioned on p. 22, the travel of the silt was traced by means of a seriesé 
of chemical tests. That process entailed the taking of a large number of! 
bed-samples at the close of each run of the model; those samples showed | 
at once whether a shoal was formed of sand or of silt. 


movements of the various shoals in the bed of an estuary. The latter 
type of erosion had appeared in the model, but Mr. Elsden had found! 
extreme difficulty in reproducing the coastal erosion between Basseil 
creek and Elephant Point ; that was to say, that along the west bank of 
the river. In that case the natural side slope was very steep, and becam 
sensibly vertical when modelled to the exaggerated vertical scale adoptec 
To save time in further preliminary experimental work, Mr. Elsden 
adopted the procedure explained on p. 21. When that had been done, 
the sandbanks to which Mr. Maunsell referred developed in the model i 
a manner similar to that followed by the actual shoals. | 

Mr. Elsden did not intend to deny the existence of a mathematic 
basis for hydraulic models, but tidal models were, he understood, usually 
proportioned on an experimentally-determined relation (due to Osborne 
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Reynolds) between the range of the tide in question and the scale 
exaggeration of the model. 

He did not consider that the development of an estuary was a rever- 
sible process, though it might easily be cyclical, and the regime might 
revert to an earlier phase. A “reversed”? model could, of course, be 
constructed, but in Mr. Elsden’s opinion it would merely show what 
would happen if the direction of flow of the rivers and tidal streams were 
‘Teversed. He did not consider that models could be used for historical 
Tesearch. 

| No special means had been adopted to produce slack-water periods in 
the model tides. The curves given in Figs. 8, Plate 1, showed that the 
imodel-tides were rather flatter than the actual curves at high-water 
| Spring tides ; the reverse was the case at neap tides. 

| He agreed that a closer agreement could have been obtained between 
| model- and actual tides by prolonging the experimental adjustment of the 
tide-engine. The number of actual tide-curves obtained from Rangoon 
had, however, to be severely limited owing to the difficulty of taking long 
series of readings at such stations as Elephant Point and China Bakir. 
As the actual tides were subject to considerable meteorological variations, 
it was not considered that further refinements in the model-tides, to make 
them agree in detail with a particular set of actual curves, would be 
iwarranted, particularly as the model-results were only to be accepted 
after they had been exhaustively proved over a long period of past history. 

__ In answer to Mr. McClure’s second question, no scheme of half-tide 
walls had been tried in connexion with the dredged channels. The actual 
material dredged would not be suitable for the construction of such walls, 
and they would not otherwise be an economic possibility. 

_ Mr. Elsden agreed with Mr. Stuart that, as things turned out, the 
scope of the model could have been limited to the region below the Pegu 
entrance. When planning the model, however, it had been considered 
best to include the whole of the inner harbour, in case it should be desired 
to investigate further problems in that area. The coast-lines in the upper 
part of the Gulf of Martaban were only very vaguely known in actual 
fact, and the earlier charts from which the experiments had been started 
were very vague indeed. Had more definite data been available, those 
coast-lines would have been reproduced in greater detail. 

_ Mr. Elsden agreed with Mr. Wilson’s view that model-results should 
be accepted at any rate with some caution. He felt that it was not yet 
ssible to make accurate predictions of channel-depths. 

The reason for adopting height as the criterion for model-waves was 
that, in a model constructed to the scales adopted in the Rangoon experi- 
ments, it was the only practical criterion to adopt. Waves of the correct 
ength, even if considerations of surface-tension allowed them to be 
modelled, would be so small as to have no effect on the bed-materials. 
Waves of the correct speed, or with correct energy, would be impracticable 
or similar reasons. 
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Mr. Allen, in reply, said that, in regard to the width of the channel 
between the training walls, various widths had in fact been investigated; | 
the results obtained with the model had been such as to indicate that the: 
widths given in the Paper would be the most successful. . 

With regard to the barrage, as tried in the model no tide water passed | 
the sluices on the flood tide above the site of the barrage, but river water! 
which accumulated above the site of the barrage during the time that the» 
gates were closed was discharged on the ebb. The possible variation off 
admitting a certain amount of flood water through the sluices and using § 
that for scour on the ebb tide had not actually been tried, but he did not 
think, from the general run of the experiments, that there was much) 

‘possibility of obtaining anything but a local improvement by means of 
any possible arrangement of barrage. | 

The bed-material had been mentioned. A sand the diameter of which} 
was about 0-007 inch had been used, and the ratio of that to the sand of 
the natural estuary of the Dee would be about 3:4, or about the same} 
as in the case of the Rangoon model; certain vital tests had, however,, 
been tried with other bed-materials—a coarser sand, of about 0-009 inch 
diameter, and a powdered pumice, much coarser in size but much lightert 
—and the results had been sensibly the same. Two very different model-- 
scales had also been tried, as detailed in the Paper, and the results obtained! 
had been sensibly in agreement on all issues. The time taken for hed 
model-investigation of the Dee was about 15 months. a | 

- The practical consideration of the construction of any such scheme of 
walls in the actual estuary had been referred to, but that was a problem) 


Paper, but it might be mentioned that the opinion of river-trainings 
engineers had been sought on that question, and the opinion had been! 
expressed that it would be practicable to construct such a scheme ¢ 
walls, using dredged sand for the core of the walls, with a pitching ¢ 
stones and the principle of the mattress. er | 

It was especially gratifying to have the opinion of Mr. Griffiths that: 
it would be incorrect to try to keep the controlled channel too near to 
the Flintshire coast. Regarding the possible programmes of extending! 
the walls, it might be of interest to state that since the Paper was wri cen 
an alternative suggestion had been investigated; namely, the ce n- 
struction of the walls of scheme E by commencing at the seaward end 
with the North wall, and bringing that gradually upstream for some 
distance before carrying out operations on the raising and extending of 
the existing walls. Further, in the final arrangement the South wall w . 
not continued downstream beyond section 11, thus saving approximate 
2 miles of wall as compared with the scheme as shown in Fig. 8, Plate 2. 
On the whole, that arrangement had not proved as satisfactory as th 
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original scheme H: there had been a movement of material from the — 
Bagillt bank into the channel seaward of section 11, and consequently an 


bourhood of section 15. in! 
_ Whilst it had been pointed out that the intrinsic constructional 
sproblems involved in such works were not within the scope of the model- 
nvestigation, it was appropriate to point out that a model might be of 
some assistance in that respect: for example, the model of the Dee 
andicated that extra protection of the back of the North wall would be 
desirable in the region between sections 10 and 11, to withstand the 
ampact of the flood current proceeding along the old channel. An effect 
jof that kind, as also any cross currents likely to cause difficulty either in 
he construction of the walls or in navigation between them, was demon- 
strated very clearly in such a model. iA 
} Concerning Mr. McClure’s query, the model did not lend support to 
he conclusion that a dredged channel would be adequately maintained 
without training walls. . 
_ Mr. Wilson’s reference to the different conclusions that were naturally 
lerived from the model of the Dee and one previously constructed at 
Manchester of the Mersey, in respect to the desirable height of the training 
walls, was certainly significant in support of the contention that every 
iver presented peculiar features, and, if major works were contemplated, 
leserved its own model-investigation. It was equally true, as Mr. Wilson 
pbserved, that model-results were to be interpreted with caution, and 
Mr. Allen was of opinion that it was important to carry out pairs of 
ests, starting from the same initial condition, with and without proposed 
yorks, in order to obtain a direct comparison. 
Mr. Borer and Mr. Doran had raised the important question of bed- 
aaterials. It was true that in the Dee investigation no ‘test had been 
arried out to compare the behaviour of the models over a period of time 
orresponding to two surveys in the natural estuary. On the other hand, 
he method of comparative tests, with and without proposed schemes, 
ad been used, and two models of very different scales had been employed 
$ an indication of possible “ scale-effect.’’ 

The general subject of “calibration tests” from the state of an old 
hart to present-day conditions deserved consideration. Certainly in 
nore than one investigation, the reliability of a model had been thoroughly 
roved by such tests, but there was no rational cause for anticipating 
hat, having moulded the bed to some previous state—say 50 years past— = 
ind running the tides up to date, the model would show, in any given 
ase, the present configuration of the estuary, unless the information was 
vailable, and the mechanical devices were practicable, to reproduce gales 
id other such “‘ spasmodic” occurrences as might give rise to some 
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alterations in nature. A model would only show the general effect 
normal tidal action, although a reasonable attempt might often be ma 
to reproduce abnormally high or low tides, or flood or drought condi’ 
of the rivers, if the necessary data for the estuary itself were provi 

If, as in the upper estuary of the Severn, the currents themselves 
very strong, it was proved by experiment that close agreement 1 

nature over a long period of time was obtained. In general, howev 
model might be expected to show the probable results of proposed w 

in conjunction with normal tidal action, and a qualitative estima 
gale-effects might be made by visual observation of the model, w. 
might indicate, for instance, that gales from a certain probable direct nn 
would carry bed-material over the walls and into the trained channel ok 
some suggested scheme. : i 
The question of rate of movement of the bed had to be considered ini 
relation to the duration of the experiments. In non-tidal work on 
: scour at the toes of dams, it had been found by Messrs. R. V. Burns ai 
| C. M. White * that, whilst the rate of scour with various materials wai 
quite different, the final condition reached was almost identical (wi 
limits of grain-size). Accordingly, if the test were run sufficiently 
for the establishment of approximate stability, similar conclusions wou 
be reached. In tidal work, however, the alternating effect of flood anti 
ebb greatly assisted in making the rate of change of the bed approximatel}| 
the same for materials of different kinds (within limits). Thus, in aij 
extreme case, if a certain material were moved equally up and dow 
stream by flood and ebb respectively, the final result would be identie¢a| 
_ with that obtained if the bed-material had not been moved at all. 
Mr. Allen would invite the attention of those interested in 
theoretical and experimental subject of the effect of grain-size, shape, al | 
density, to Professor A. H. Gibson’s Severn Model Reports, Sections 1} | 
and V and Appendix Df, and to pp. 708-713 of his Vernon-Harcour 
Lecture { ; and again, concerning the matter of silt in suspension and itt! 
disposition in a model, to his Severn Reports, Section XIV *. . | 
In conclusion, he would like to endorse the view that both Mr. Elsdet 
and himself had been very fortunate in being students of Professor Gibso 
to whom they owed a great deal. “a 
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ORDINARY MEETING. 


25 April, 1939. 


“WILLIAM JAMES EAMES BINNIE, M.A., President, in the Chair. 


- It was resolved—That Messrs. F. H. Brunt, S. W. Budd, Robert 
Chalmers, D. C. Farquharson, A. 8. Grunspan, R. W. Mountain, H. C. 
Ritchie, W. L. Scott, P. J. H. Unna, and J. 8. Wilson be appointed to 
act as Scrutineers, in accordance with the By-laws, of the ballot for the 
“election of the Council for the year 1939-40. 

i 


_ The following Paper was submitted for discussion, and, on the 
“Motion of the President, the thanks of The Institution were accorded 
to the Author. 


Paper No. 5193. 


“The Singapore Airport.” t 
By Reeratp Lewis Nuny, D.S.0., M. Inst. C.E. 
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INTRODUCTION. . 


THE town of Singapore, with a population of 500,000, stands at the southern | 
point of an island of the same name, in latitude 1° 17’ north, longitude: 
103° 50’ east, separated from the southern extremity of the Malay peninsula, 
by the narrow straits of Johore. The causeway connecting the islan 
with the mainland has already been described in a Paper * published by 
The Institution. 


Curmatic ConDITIONS. 


There are no well-marked wet or dry seasons. The average rainfall of 


towards a greater precipitation during December than during other months, 
Normally, rain falls in storms of heavy intensity but brief duration 
During the construction of the works described in this Paper, the highest 


February, 1935. Winds are light and variable except between January 
and March, when monsoon conditions in the China sea cause fresh north- 
east winds to be prevalent. The strongest gust recorded since the works. 
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lightning and thunder of considerable severity. Visibility may be reduce 1 
to nil during these storms, but at all other times it is very good, and fog is. 
unknown. 


HIsToRICAL. 


Until 1930 there were no air services operating to or within Malaya, 
and the Royal Singapore Flying Club was the only evidence of civil 
aviation. This club was inaugurated in 1928 and operated with seaplanes 
in the harbour owing to the lack of any landing grounds. Towards the 
end of 1930, the Royal Dutch Air Lines (K.L.M.) instituted a fortnightly 
air service between Amsterdam and Batavia, calling en route at Singapore. 
By courtesy of the Royal Air Force these aircraft stopped at the Royal Air 
Force landing ground at Seletar, which had just been completed. Such an 
arrangement, however, could only be regarded as temporary, pending the 
provision by the Colonial Government of a civil airport to serve Singapore. 
The Royal Air Force landing ground was 40 minutes’ drive from the town, 
and its use by civil aircraft was inconvenient for all. 


SELECTION oF Sirk. 
Selection of a site for a civil airport was not an easy matter, Outside 


* O. Paterson, “The Johore Causeway,” Minutes of Proceedings, Inst. O.E. 
vol. 220 (1924-25, Part II), p. 250. LS 
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“the built-up area of the town and suburbs, the island largely comprises 
‘Tubber-planted hills rising to a maximum height of 581 feet and intersected 
by swampy valleys and ravines. Towards the centre of the island a fair 
“site was obtainable which could be developed into a landing ground at an 
estimated cost of $1,800,000 (£210,000 sterling) in a period of from 2 to 
8 years. Its distance from both the sea and the town was, however, a 
Inaterial drawback, the Government taking the view that the airport should, 
if possible, have provision for both land- and seaplanes and be as near 
the town as possible. While the search for sites was proceeding, Sir Cecil 
Clementi, G.C.M.G., Governor of the Straits Settlements at that time, 
| suggested that an airport might be provided by reclamation of a tidal 
‘swamp within the town-boundaries. The area he had in view was known 
as the Kallang swamp, covering some 326 acres on the eastern side of the 
‘town. This swamp was almost wholly submerged at high tide, whilst at 
low tide it presented an impassable barrier of soft mud, mangrove, and 
tortuous channels. Its reclamation would have had to be undertaken 
Sooner or later as a health measure; its development as an airport thus 
‘served a dual purpose. 


fee 


es GENERAL CONSIDERATIONS. 


| The Director of Public Works (at that time Mr. George Sturrock, 
Assoc. M. Inst. C.H.) reported that it was a practicable engineering proposi- 
‘tion and estimated the cost of reclamation at approximately $6,200,000 
(£725,000 sterling). Instructions to proceed with the scheme were 
received in May 1931. 

_ Attention was naturally concentrated at first on the extent of the 
projected reclamation and the means whereby it was to be achieved. 
Buildings and equipment were to be considered later in the light of antici- 
pated aviation developments. j 
It was proposed to reclaim the whole of the swampy area.on the seaward 
side of Grove road. On the reclamation a circular landing ground 1,000 
yards in diameter would be provided, and other areas would be pro- 
visionally earmarked for hangars, etc. A jetty and slipway would be built 
ba suitable point on the seaward side, with access to the sea by means of 


a 
he 


dredged channel. The estuarial discharge of the Geylang river would be 
canalized past the landing ground. Fig. 1, Plate 1, shows the general 
locality of the work envisaged. . 

_ Surveys of the’site indicated that about 8,770,000 cubic yards of filling 
would be required. These surveys were to a large extent executed from 
boats at high tide, the mud surface exposed at low tide being too soft and ; 
unstable to permit ordinary land-survey methods. In places a pole could” 
be pushed down as much ds 40 feet without difficulty, 
As a considerable amount of dredging was to be done to form the 
aplane channel and anchorage, consideration was given to the question 


72 NUNN ON THE SINGAPORE AIRPORT. 


of reclamation, in part, by hydraulic methods. It was calculated that th 
dredgings might provide about 30 per cent. of the fill required, but they’ 
would be unsuitable in character for incorporation in the landing-ground | 
surface. After reviewing all the circumstances, it was decided to effect i 
the whole reclamation with hard earth “in the dry”, the principal argu-- 
ments in favour of this course being that : 


(a) a large organization would be necessary in any case for me 
at least 6,000,000 cubic yards of dry filling ; 

(b) there would be little or no saving in cost, because another coas 
reclamation project was in hand which was quite suitable f 
absorbing these dredgings ; 
(c) delays of a serious character might occur while waiting for the: 
hydraulic fill to dry out ; 
and (d) instability might result from the existence of these dredgings as 1 
layer between the old surface and the superimposed dry fill. 


AcQuISITION OF EARTH QUARRY. 


Following this decision, steps were taken to acquire suitable hill-lan ib 
from which the 8,770,000 cubic yards of earth could be obtained. Landi 
already in possession of the Crown, and suitable for this purpose, couldi 
unfortunately not be used, because a railway line thence to the airport-si pee 
involved a level crossing over a heavily-trafficked street, with no possibili y 
of an over-bridge or asubway. Eventually 150 acres of land were acquir edi 
for quarrying purposes at a distance, in a direct line, of about 3 miles 
from the airport-site. The contours of this land were reasonably good f on 
working as a quarry, the nature of the subsoil was proved by borings, an di 
a rapid survey indicated that enough earth was available above a lev oH 
which ensured convenient railway gradients. 

Physical analyses of the earth gave the following average results : 


A. Surface loam with 29 per cent. sand. 
B. Subsoil down to about 40 feet: plastic mottled clay with about 

24 per cent. sand. 
C. Below 40 feet: hard grey clay with 43 per cent. sand. 


In a landing-ground surface, which must be capable of withstanding 
loads of up to 3 tons per square foot in any weather, consolidation anc 
drainage are all-important. A higher percentage of sand than that 
available would probably have been an advantage for optimum drainage 
conditions. Nevertheless, exceptionally heavy rains experienced i 
December 1937, 6 months after the airport was opened, showed thatt 
although a certain amount of water lay on the surface owing to the retarding 
effect of the grass-surface coupled with slight surface irregularities, tha 
weight of heavy air-liners made no appreciable impression and the subsoi 
drains gave a good discharge. Experience indicates that the class ( 
material was quite suitable. q 
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hx QUARRY ORGANIZATION. 


The quarry-working organization was based on the capacity of the 
railway conveying the earth to the airport-site. This capacity was 
_ estimated at 720 cubic yards per hour, being one train every 10 minutes. 
- To maintain this output from the quarry, a combination of manual and 
mechanical excavation was adopted. At the outset, five 1-cubic-yard 
_ electrically-operated Ruston Bucyrus excavators were purchased at a cost 
_ of $110,000 (£12,800). In the later stages, when hand excavation became 
more arduous and expensive owing to the more compact nature of the earth, 
an additional four machines of the same type were obtained for $97,000 
_ (£11,300). The labour gangs were mainly employed in surface stripping 
and slope dressing, and in those areas where ground-contours made 
_ mechanical excavation inefficient. The top soil was set aside for subse- 
quent use on the landing-ground surface. At depths below 20 feet the 
- ground was so tightly compacted that it had to be broken up with light 
charges of explosives. This was particularly the case with class C earth ; 
_ nevertheless, this was the best quality earth for reclamation. A typical 
return of the quarry working for the month of March 1936, shows that 
_ the output for the month was 180,240 cubic yards (loose in wagon). The 
_ cost of working this material was as follows : 

3 TER CAV ALOU? <r tte ore 2 ok sh per cubic yard. 


iiiransporieee. “2. "ss os Mss OS »» %9 
Reckumationw wen weet cle 3:45¢ Gu, of 
Staftiand-cencral’ Sie cs, neu lisnd pon POSE noe 9s = 

Totaly Meme tore 2S TG Fes as 


Rattway PLAant. 


_ Choice of railway plant was influenced by the fact that considerable 
_ quantities of suitable plant were just coming on to the local disposals 
market from the completed extensions of the Singapore waterworks. A 
quantity of rails and wagons and four steam locomotives were available at 
nce, and it was considered that the 3-foot gauge involved would be suitable 
rthis work. Additional quantities of railway plant were purchased from 
England and local sources, the full equipment including eight hundred and 
forty-two 3-cubic-yard “‘Decauville ’-type double-side-tipping wagons, 
seventeen steam locomotives, and 38,000 linear yards of steel rail. Supplies 
of rails were supplemented from time to time from the Federated Malay 
States Railways, which had a surplus stock of 47}-Ib. rail. 

_ The ground was practically level between the earth quarry and the 
airport, but the intervening suburb of Katong caused the railway alignment 
to follow atortuouscourse. The length of double 3-foot-gauge line between 
the marshalling yards at either end was 3-38 miles. There were thirteen 


* The dollar (100 cents) corresponds to 2s. 4d. in English money. 
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level crossings, all but one being over roads of sufficient importance to call 
for colour-light signals in addition to the usual gates. Immediately before” 
reaching the airport-site, the line traversed about 1,000 yards of mangrove’ 
swamp on an embankment about 6 feet high. (Reclamation of this” 
swamp has recently been put in hand as a separate project, but utilizing 
the same organization.) The extensive mud spews which occurred when 
this bank was being tipped were a warning of what might be expected 
when making banks on the even softer airport-site. Little trouble was 
experienced, however, in maintaining the line after it had been established — 
and in use fora month ortwo. The average time for a train to run between 
the two marshalling yards was 20 minutes, the schedule being arranged so 
that, as far as possible, trains crossed each other at the more important 
level crossings. The 8? million cubic yards required for the reclamation — 
were conveyed from quarry to airport without difficulty at an average _ 
cost of 104¢ * per cubic yard, 


RECLAMATION METHODS. 


While plant was being collected and railways were being laid down, a 
detailed survey of the airport-site was completed. It was apparent that, 
apart from small areas of comparatively stable ground along the northern _ 
fringe, reclamation could not be achieved successfully by merely tipping 
earth on the saturated and submerged mud. Uncontrollable spews would | 
occur and the earth and mud would become so mixed that the result would 
be useless for such a purpose as a landing ground. 2g. 2 gives an impres- _ 
sion of the site-conditions during the early stages of the work. It was | 
accordingly determined to bund off areas, and to unwater the interiors so _ 
that the mud might dry out and form a crust on which earth could be tipped _ 
without causing displacement. The exterior bund had to follow the peri- 
meter of the reclamation ; interior bunds were aligned to suit local factors 
such as maximum railway curvatures, drainage requirements, ground- _ 
contours, etc. Fig. 1, Plate 1, a copy of the contour survey, gives the — 
alignment of the bunds constructed. . . 

Bund construction was a troublesome matter. The trestles supporting 
the railway continually gave way or turned over and it was impracticable _ 
to attempt trestle work extending more than about 150 feet at one time. _ 
In addition, the earth tended to break up and mix with the mud, which 
spewed and moved in such a way as to suggest that in some places stability _ 
would be unattainable. These tendencies were, however, successfully 
overcome by the expedient of dredging a channel on the line of the bund — 
immediately in front of the trestle work. Trestling was thus rendered _ 
more difficult, but the earth kept together more readily, sinking as one 
solid mass into the mud. Subsequent borings showed that penetration — 
of the earth reached a depth of more than 40 feet in places. The — 


* Footnote (*), p. 73. 


Pig. 2. 


SITE-CONDITIONS DURING EARLY STAGES OF WORK. 


EGS. 


Fig. 4. 


FILLING IN PROGRESS IN THE PULAU GEYLANG AREA, 


Fig. 6. 


LOADED LORRY TESTING CONSOLIDATION OF LANDING GROUND. 
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average quantity of earth required for 1 linear yard of bund was 
_ 168 cubic yards, In some sections a bund developed a tendency to turn 
or creep sideways. When this occurred work was suspended for a few 
months and the side pressure relieved by dredging. As soon as an area 
_ was‘encircled by a bund, a pump was installed at a convenient point and 
_the area unwatered as shown in Wig. 3 (facing p. 74), Herring-bone drainage 
channels dug in the mud surface and leading to the pump sump soon 
resulted in drying out and crusting of the mud. <A minor complication 
arose here from the creation of admirable breeding places for mosquitoes i in 
_ the countless waterfilled cracks. Oiling and liming kept this in check. 
The drying-out period ranged from a few weeks to several months, 
_ according to weather and other circumstances. The filling-in of an area 
_ then presented no difficulty ; earth was placed in 2-foot layers and con- 
~ solidation was effected by caterpillar tractors. It was ascertained by 
borings that a depth of 12 feet of filling depressed the mud surface 
" approximately 2 feet. 
_ A governing factor in the rate of progress was the bunding and drying- 
_ out process. With the object of maintaining full train-schedules, reserve 
tips were kept where any accumulation of trains could be shunted and 
unloaded. To facilitate train handling on the reclamation, visual signalling 
"was employed between the various tip-banks and an observation tower 
adjacent to the marshalling yard. 
The disappointment caused by Pulau Geylang may be mentioned as 
indicative of some of the unusual features of this work. This island lay 
within the perimeter of the landing ground and it was planned to in- 
corporate it in the bunding system. It appeared, moreover, at first sight 
- that here was a valuable piece of reclamation already made, as an active 
~ sawmill had occupied the island before it was acquired by the Government. 
- When, however, the buildings and machinery had been removed, it was 
' found that the whole island was composed of sawdust and timber in various 
stages of decay. The whole of this unstable material had to be excavated 
toa depth of 14 feet and taken away by train to a dump clear of the 
y qeerding ground. Filling in oe in this area is shown in Fg. 4. 


_Lanouxe. Grounp Price 


of a dome. The reduced level at the centre is 115-31, whilst the perimeter 
eval is 107-50. Tide records prior to the airport construction showed a 

highest tide-level of 104-50. A margin of 3 feet was considered an adequate 
_ freeboard and sufficient to secure discharge from the drainage system: An 
additional foot in the height of the reclamation would have called for about 
500, 000 cubic yards more filling, and on the score of cost it was therefore 
essential to keep the finished level as low as was consistent with safety. 


Ps 
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Since the work was completed, an exceptionally high tide at level 106-23 was 
recorded on the 20th December, 1937, but no damage was caused thereby. 
With a circular landing ground the most practical way of meeting drainage 
requirements is by doming. From a pure flying point of view a flat surface _ 


(a) an aeroplane on one side of the ground might not be observed. 
from another on the opposite side, 

(b) take-off and landing conditions would not be so good, and 

(c) costs would be higher on account of the extra filling required. 


The doming adopted in this case called for about 1} million cubic yards o: 
earth fill above perimeter-level. 

Fig. 5, Plate 1, illustrates the subsoil-drainage system. The 4-inch — 
tile pipes are laid from 3 feet to 4 feet deep on lines 50 feet apart. They — 
are bedded on 3-inch broken stone, the top half of the joint being overlaid _ 
with a strip of nipah leaf and clay. The discharge of these drains was” 
delivered by intercepting lines of glazed stoneware pipes into the perimeter _ 
drain or direct into the sea. 


LANDING-GROUND SURFACE. 


While the reclamation was in progress experimental grass-nurseries — 
were cultivated. Top soil had been set aside at the quarry for use on the 
landing ground, but it was of poor quality and manuring would have been _ 
required. The grass eventually selected was Azonopus compressus and — 
194 acres of this had been cultivated by the time the landing ground was — 
ready for turfing. The procedure then adopted was to cut 12-inch square _ 
sods from this nursery for conveyance to the grassing gangs. Shallow 
holes were made by light crowbars at 8-inch centres, and into each hole was 
put a small tuft broken off from a sod together with a mixture comprising _ 
1 part decomposed vegetable matter and 2 parts cattle manure. One 
12-inch square sod would thus be made to cover about 1} square yards. 
Within a few months the whole surface was well covered with a good carpet _ 
of grass, after which final rolling was carried out. Premature rolling would — 
have compacted the soil too tightly for the roots to penetrate. After heavy 
rains it is found that large air-liners are liable to tear the grass by sharp — 
application of brakes during a landing run. Tail-skids also cause damage, — 
but, fortunately for aerodrome proprietors, the tail-wheel is replacing the 
tail-skid in all large modern aircraft and in many light aircraft as well. 
It has not. been found necessary in Singapore to adopt. the practice, i 
force at some aerodromes in other countries, of charging a higher landing — 
fee for tail-skid aircraft. Fig. 6 (facing p. 75) shows a loaded lorry testing — 
the consolidation of the landing ground prior to grassing operations, whilst 
Fig. 7 is a photograph taken from the air showing the reclamation com 


R.A.F. Photograph—Crown Copyright reserved. 
RECLAMATION OF LANDING GROUND COMPLETED. 


ENTRANCE TO AIRPORT FROM GEYLANG ROAD. 


Fig. 15. . 


ADMINISTRATION BUILDING. 


GENERAL VIEW OF ADMINISTRATION BUILDINGS, HANGARS, 
SLIPWAY AND JETTY. 
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pleted, the dark areas in the landing ground itself having already been 
grassed over. This photograph also shows the relative positions of the 
airport and the town of Singapore. 


RETAINING WALL. 


- The design of the retaining wall along the waterside limits of the 
reclamation required careful consideration. Fortunately, supplies of coral 
were readily available in adjacent islands, and could be brought by tong- 
kang to the site at an average cost of $1-15 (about 2s. 8d.) per cubic yard. 
This material was particularly suitable because of its extreme lightness, a 
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* Rough coral footing 
~ Scale: 1 inch =4 feet. 
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oe SECTION THROUGH CorAL ReETaInina WALL. 
ee: 
dry cubic foot weighing only 73 1b. A wall built in coral blocks was there- 
fore unlikely to induce sufficient loading to disturb the stability of the earth 
und on which it was built. Minor movement or displacement can be met 
by adjusting the alignment of the pre-cast concrete coping blocks with 
which the wall is capped. Fig. 8 shows a section through the wall, 


Ww hich cost $7-00 (about 16s. 4d.) per linear foot. ; 
Adjacent to the slipway and jetty the toe of the wall was protected by 


concrete sheet-piling. : 


SEAPLANE CHANNEL AND ANCHORAGE., | 


| The dimensions and alignment of the seaplane channel and anchorage 
‘were dictated by physical surroundings. The modern fiying-boat demands 
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a clear run for take-off of about 14 mile with free approaches. Such 
distance is available for any wind-direction in the open water outsid 
Singapore harbour, and the channel was therefore primarily devised 

give access between that open water and the slipway and moorings. In ' 
practice an “‘ Empire ” type flying-boat has on a few occasions landed and — 
taken off within the seaplane channel itself, but the masts of tongkangs — 
and other craft in the neighbourhood constitute too dangerous an obstruc- 
tion for this practice to be regularized. The light seaplanes of the Royal — 
Singapore Flying Club can normally operate within the channel without 
difficulty. The channel width of 200 yards was the maximum obtainable ~ 
without obstructing marine craft plying up the Kallang river on the one — 
hand and to the wharves along Tanjong Rhu on the other. Experience 
has shown that this is a comfortable width for the purpose, and no difficulty | 
has been experienced in manceuvring any seaplane or flying-boat in the 
channel. A minimum depth of 6 feet at extreme low tide was considered — 
necessary, and to allow a margin the channel was dredged actually to” 
7 feet 6inches. Out of approximately 2,150,000 cubic yards dredged from — 


reclamation referred to earlier in this Paper, the remainder being dumped at __ 
sea. The grab-dredgers were employed mainly in pulling up old piled 
foundations of Malay villages which straggled across the line of the channel. 


Part of the area had been used for many years as a dumping ground for — 


rafted up to the river Kallang and other channels leading to sawmills. A | 
number of these logs had been abandoned by the owners after they had __ 
become submerged in the mud, and their removal constituted a further 
considerable task for the grab-dredgers. It was, moreover, vitally im- 
portant to leave no such snags behind as a partially freed log in the sea- i 
plane channel might bring disaster to a flying-boat. The material to be 
dredged was mainly soft mud, but one patch of shale was encountered and _ 
there was also a sand spit to cut through at the west end of Tanjong Rhu — 
promontory. ‘ P on 

It has not yet been possible to assess the amount of recurrent dredging _ 
that will be necessary to maintain this channel but, after 9 months of _ 
operation, soundings reveal only a small quantity of silting. To protect 
aircraft from the menace of floating timber and other debris and to facilitate 
the control of small craft, the sides of the channel have been demarcated by 
two floating timber booms. These are kept in place by concrete piles at | 
85-foot intervals and are held together by steel-wire rope and chains. The 
logs used for the purpose are known as Geronggang, the average dimensions _ 
being 24 inches in diameter and 16 feet long. It is too soon yet to say what — 
life these logs will have. Chains were not available when the booms were _ 
first constructed, and 3-inch-circumference continuous steel-wire rope was _ 
used. to hold the logs together. It was not long before the seaward ends 
of the booms were damaged, A succession of heavy seas produced a rollin g 
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and sawing motion which frayed and twisted the wire rope, and then a 
‘umber of tongkangs crashed through and completed the destruction. 
Within the sheltered water behind Tanjong Rhu, the booms have not 
given much trouble, but it is clear that wire rope will not be satisfactory 
in the seaward sections liable to considerable wave motion. Experiments 
are proceeding with various types of chain fastenings. Reinforced-concrete 
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A REINFOROED-CONCRETE Buoy. 


1 oys 100 yards apart and surmounted with orange lights serve to indicate 
night the alignment of the timber booms. Fig. 9 illustrates one of 
e buoys. The entrance to the channel from the sea is marked by two 


Layout AND EQUIPMENT. 


In 1934, when the reclamation work was well in hand, the Author was 
uted by the Straits Settlements Government to examine airport layouts 
nd aviation developments in other countries with a view to determining 
most suitable layout for Singapore. In a period of 4 months a 
d tour was made through the United States of America, Huropean 
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countries, Africa, and India. Airport layouts and equipment, wireles 
services, airline operations, legislation, and administration were studied!.. 
The building layout subsequently adopted for Singapore attempted to: 
incorporate the advantages and avoid the drawbacks observed as feat 8 
of other airports. Of first importance was the grouping of buildings in 
such a manner as to minimize them as aerial obstructions without jae 
ing from their effective utility. Fig. 10, Plate 1, illustrates the layo 
adopted. The road-entrance to the airport is in the direction of the hea: rtit 
of the town and the main buildings lie on an axis of infrequent wind-- 
direction. In effect, aircraft can take-off or land into wind on any bearing3 
without having to pass over any of these buildings. 


.| 
HANGARS. 1 


The dimensions of the two hangars were determined as a result of a4 
survey of the probable types and numbers of aircraft likely to use thiss 
airport ; they have a floor area of 300 feet by 150 feet and a clear heig nti 
of 35 feet. To facilitate handling of aircraft into and within the hangars,| 


each is provided with one end and one side door 150 feet in width. The 


detailed design of the hangars was prepared in the Chief Engineer’s Offices 
of the Crown Agents for the Colonies. Allowance was made for a wind 
pressure of 15 lb. per square foot, and also for suspension of weights of up toa 
1 ton from forty-two points in the roof-trusses. Side sheeting is in No. 
20 B.W.G. corrugated iron above a 6-feet brickwork plinth, and roof- 
sheeting is in §-inch corrugated asbestos. The foundations comprise 16-inch 
by 16-inch pre-cast reinforced-concrete piles ranging in length from 55 fee’ 
to 90 feet. They were driven to a set of 3 inch for the last ten blows of a3 
3-ton hammer falling 3 feet. There are one hundred and fifty-four piless 
per hangar and the maximum load on a single pile is 40 tons. Floors are? 
paved with pre-cast concrete slabs laid to a fall of 6 inches from the centre: 
to the sides. Hangar annexes 20 feet wide with ceiling heights of 19 feett 
6 inches on the ground floor and 13 feet 43 inches on the first floor, provide? 
workshop and office accommodation respectively for aircraft owners and! 
_ operators. Ten fireproof doors 6 feet wide give access between hangar and, 
_ workshop, and there are interior windows upstairs to afford observation 
into the hangar from the offices. The orientation of the hangars so t hat 
the annexes faced the entrance road permitted a certain amount of archi- 
tectural treatment, as shown in Fig. 11 (facing p. 76). | 


——— 


ADMINISTRATION BuILpINe. 


This building (Figs. 12, 13, and 14, pp. 81 et seq.) provides accom- 
modation on the ground floor for operating companies’ offices, post offi ce, 


+ “A Report on Civil Aviation”, recording the Author’s impressions and ex-- 
periences, may be seen in the Institution Library.—Sxc. Inst. C.E. 
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medical and customs examination, restaurant, telephone booths, money 
changer’ s booth, lavatories, and a communication office at which departing 
and arriving pilots report. On the first floor are offices for the airport 
Manager, aircraft inspector, and meteorological department, also bed- 
rooms and a sitting- room for pilots, and a dining-room with roof verandah. 
An electric lift gives access to the first floor and to the flat roof which is 
useful and popular as an observation terrace for the public. From this 
Jevel the control room at the top of the tower is reached by an internal 
‘spiral stairway. The control room with its encircling balcony has an 
unrestricted view over the whole airport. 

-_ Its equipment comprises a switchboard for all the airport lighting, 
loudspeaker, and other signalling facilities (Verey pistols, Aldis lights, and 
flags), chart tables, etc., for the use of the control officer. These are 


Fig. 12. 
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ADMINISTRATION BurmipIne: Cross SECTION. 


suitably arranged in positions overlooking the landing ground, whilst the 
remaining floor area is occupied by the wireless operator and his equipment. 
The loudspeaker installation enables the control officer to issue directions 
to persons on the pavement immediately 1 in front of the building in sufficient 
olume to be heard above the noise of aircraft engines. The control room 
enclosed i in ;4;-inch non-actinic glass, with plain glass panels in selected 
ectors. Glass-sheeted control towers elsewhere having been noted as 
very hot, the roof of this control room was covered with 2-inch thick 
cork slabs laid in asphalt. In practice this control room has proved 
agreeably cool at all times. 
_ Wireless reception is effected by local aerial, whilst transmission is 
y remote control to a station at Paya Lebar, about 2} miles to 
he north-east. The wave-lengths in use are 900 and 45-5 metres. A 
reoni-Adcock direction-finding station was built about 14 mile north 
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and adjustment if necessary. The surface is graded in slight falls 1 
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of the airport—the nearest site which met requirements affecting corre 
reception. This station works on medium wave, and the bearings are sent 
by direct telephone-line to the control room. Calibration within 1 degree¢ 
has been achieved. It had been feared that automobile ignition-systems: 
might interfere with reception, but fortunately this has not been the cases 
The general appearance of the administration building is indicated 
Fig. 15 (facing p.77). It is carried, like the hangars, on pre-cast reinforced 
concrete piles. A total length of 14,332 feet was used in two hund eC 
and fourteen piles, the majority of which were of 16-inch by 16-inch section. 
The superstructure comprises a steel framework with reinforced-concrete 
slabbing and brick panelling. Most of the exterior and interior finishes a: : 
in “ Lap” slabs, with stainless steel and aluminium strips. Floors ; 
finished in rubber tiles and staircases in cork tiles, with English glazed 
tile dados. The wearing surface of the roof and terraces is buff “ Coloi : 
crete” mortar superimposed on three layers of “Rok” and asphalt. Ti 
the restaurant the floor is finished in “ Spuncrete”’ polished tiles, and 
the walls in “ Vitrolite ” glass. 
Two telescopic canopies, one each for arrivals and departures, gives 
protection from weather between the building and the aircraft. These 
have proved very popular adjuncts. 


Pavep AREAS. 


The paved area, or “tarmac”’ as it is termed, is constructed with 
pre-cast concrete slabs of the same pattern as those laid in the hangars) 
A percentage of slabs is provided with “ keyholes”’ to facilitate bftines 
underdrains which are spanned by perforated slabs. After allowing i 
period for settlement, the joints between slabs were filled with a mixt . 
of “‘ Mexphalte” and sand. The cost of this paving was $1-97 (abo 
4s. 8d.) per square yard. Immediately in front of the administration 
building special slabs were used incorporating $ inch of green “ Color 
crete” with a view to mitigating glare, but the experiment has nob 
been an unqualified success as the “ Colorcrete ” portion tends to flake 
away. 

In order to reduce wear on the grass surface immediately in fron 
of the “tarmac”, two taxiways in asphalt-macadam, 100 feet wide, extend 
along the perimeter of the landing ground for a distance of 1,100 feet i 
either direction. Figs. 16 is a typical cross-sectional sketch of these te xii 
ways. One of these taxiways is connected by a bridge over the perimet ert 
drain to the concrete-slabbed area at the head of the seaplane slipway) 
This enables seaplanes and flying-boats to be towed on trolleys from tha 
slipway to one of the main hangars. It also allows an amphibian aire , 
to transfer from land to water and vice versa. Ultimately, if the é 
sufficient demand, a separate hangar for seaplanes may be constructe | 
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near the head of the slipway. The cost of the asphalt-macadam taxiways 
was $2:10 (about 4s. 11d.) per square yard. 
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: SLIPWAY AND JETTY. 


The slipway is 100 feet wide, and 
is sloped at 1 in 15. Its length of 
263 feet provides for a minimum depth 
of water of 8 feet 6 inches at the foot 
of the slipway. Figs. 17, Plate 1, 
illustrates this work. When the design 
was prepared, no information was 
available regarding future weights and 
dimensions of flying-boats or as to the 
methods to be used by their operators 
for beaching. Test-piles showed the 
ground here to be even worse than 
under the hangars, and it would have 
been a most expensive proposition to 
build a slipway which would carry a 
heavy concentrated load at any point 
on its surface. It was accordingly 
decided to allow for loads of up to 60 
tons to be carried along defined lines 
only (with rails imbedded in the 
surface) and to allow for a distributed 
load of 200 lb. per square foot else- 
where. It has subsequently transpired 
that the new “ Empire ” type flying- 
boat uses a beaching chassis of twin- 
tired wheels with a wheel-gauge which 
matches the rail-gauge closely enough 
for practical purposes. The piled 
foundation of this slipway comprises 
one hundred and thirty 16-inch octa- 
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is gonal reinforced-concrete piles ranging 
Y between 67 feet and 129 feet in length. 
ag (The aggregate pile-length was 12,460 


feet.) With a view to weight-saving, 
the underside of the slipway-slab was 
cast in cellular form; below L.W.0.8.T., 

— _ however, a plain slab was used. 

The jetty adjacent to the slipway measures 300 feet by 35 feet in plan : 
is designed to provide access for passengers, mails, and freight, and — 
platform for a travelling crane. As will be seen from Figs. 17, Plate 1, 


Invert level 102-90 
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the pile foundations are protected by concrete cylinders. One of the twe 
sets of landing steps has been provided with a canopy to protect passengers 
from the weather between launch and motor car. Whether travelling by 
aeroplane or flying-boat, therefore, the passenger is at all times protect ec 
from the weather—a feature noticeably absent at many airports and 
most shipping wharves. Consideration is being given to the provision of & 
floating landing stage connected by covered gangway to the jetty. More 
experience is, however, first required of the behaviour of flying-boats in € 
strong cross wind. The crane on the jetty is electrically operated and has 
a capacity of 2 tons at 60-foot radius. Both the slipway and jetty were 
constructed “in the dry ” within an earth bund, which was afterwa dd 
removed by dredgers. Fig. 18 (facing p.77) shows the relative positions 
of the slipway and jetty, with the administration building and hangars im 
the background. ‘ | 


LigHtinc EQUIPMENT. 


Energy is obtained from municipal mains by underground cable to & 
switch and meter room near Grove road. Duplicate 0-3-square-inch fours 


ing and power, two sets of mains beyond the meter room were necessary ; 

Two underground ring-mains, each 0-1-square-inch four-core cabless 
were laid past the administration building, returning behind the hangars tc 
the meter room. From these ring-mains lighting and power services wer 


was provided as a standby against faults occurring under paved areas. 
The services provided include :— 


(a) Lighting of landing ground and seaplane channel, 

(6) Lighting of airway obstructions. 
(c) Lighting, ventilation, lifts, etc., in the administration building. — 
(d) Lighting, ventilation, etc., in hangars. | 
(e) Lighting, ventilation, etc., in subsidiary buildings. 
(f) Lighting of approach roads. 

(9) Lighting and power at the jetty. 

(4) Loudspeaker equipment. 
(i) Lighting, ventilation, etc., at the Royal Singapore Flying Club. — 
(j) Lighting, ventilation, etc., for offices, workshops, etc. | 


Landing-Ground Lighting. 
This follows the general principles enunciated in British Standart 
Specification No. 563/1934. 
_ On the roof of the control tower there is a red neon a | 
beacon, which can be operated either as a steady light or as a flash ing 
beacon denoting the letter “ 8.” ej 
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_ The perimeter of the landing ground is indicated by twenty-nine 
boundary-lights spaced at 100-yard intervals. These are of the cone type, 
so that in addition to the aviation orange emission of light from 5 degrees 
below horizontal to the zenith and through 360 degrees in azimuth, a 
white lighted cone shows round the stem of the fitting and gives a sense 
Of perspective to the pilot. The lamps used take 6-6 amperes at 6:6 volts, 
and they are supplied through a transformer in the ground under each 
light. The stems of the fittings are provided with weak nipples so that 
they easily break off in the event of being hit by an aircraft. Special 
measures were necessary to guard against condensation in the transformer- 
boxes. Energy is supplied in series through a single-core 0-01-square-inch 
underground cable ringed round the ground and terminating in the switch- 
room in the control tower. A transformer is interpolated here to step up 
the pressure to a suitable figure. The height of the boundary lights is 3 
feet 6 inches, except for those along the taxiways, which were kept down 
to 2 feet 6 inches so as to be below the wings of aircraft. 

_ Six floodlights are situated at approximately equal intervals round the 
landing ground. Two of these are 30 yards back from the perimeter, whilst 
the remainder had to be on the perimeter itself, Each has a beam candle- 
power of approximately 1,000,000. In practice, a pair is normally used 
and the illumination thus provided is of the order of 0-15 foot-candle. 
Operation is by switch in the control tower. Lamp-bulbs are of special 
tubular pattern with adjustable focussing mirrors and are arranged in 
phree banks of two each, giving an aggregate of 6 kilowatts. Hach floodlight 
is housed ina special hut with walls and roof of ‘“ Uralite ” and a 180-degree 


guard against excessive condensation, due to the considerable heat 
enerated by these lamps. Five of these floodlights are fixed in position 
facing the centre of the ground, whilst the sixth is fitted on a turntable so 
at it can be turned to illuminate the seaplane anchorage when necessary. 
The best height above ground-level for these floodlights was determined as 
result of night-flights carried out by the Author with several lights 
perimentally set at different levels. With a height of 14 feet for the 
ntral focal plane it is found that sufficient light escapes past the centre 
‘the domed landing ground to illuminate an adequate area, whilst en- 
ring that the highest intensity is at that point where a normally piloted 
craft would touch down. The overall height of the huts is 18 feet. 


Sea yplane-Channel Lighting. . 

_ Thirty-one concrete buoys each carry a light of landing-ground 
boundary type. There are two separate circuits on each side of the channel — 
d all lights are controlled from the switchboard in the control tower. - 
1 submarine cable comprises one conductor of fifty-one strands of tinned 


7 


~ Hangar Lighting. 
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copper wires each 0-08 inch in diameter, insulated with * Maconite ” 
rubber compound of 0-1 inch radial thickness, armoured with a layer of 
7/0-029-inch galvanized-steel strands, and finally sheathed with resilient 
tough “ Maconite ” compound of 0-15 inch radial thickness. Unfortunately 
the local tongkang owners appear to think the cable has been provided ass 
a better holding place for their anchors than the channel bottom, a nd 
breakages have been rather frequent. Discouraging measures are beingg 
taken. 


Obstruction Lighting. 

These are fitted in pairs on all main buildings, wireless masts, flood 
light housings, etc., also on certain high chimneys and the flagstaff of the 
Swimming Club at Tanjong Rhu. Control is mainly by time-operatecy 
switches. 


Wind-Tee Lighting. 

A standard-pattern 20-foot by 20-foot wind-tee is illuminated by fort 
15-watt white lamps, with a switch in the control tower. To indicate the 
position of the tee to observers at or near ground-level, green, red amy 
white lights arranged in navigation manner have been suspended under 
the tee. 


Administration-Building Lighting. 
To conform with architectural features the internal lighting of the mai 
hall and public rooms is effected by white opal and orange tubular-stri 
lamps, supplemented by lights concealed in large bowls near the top 0 
the main pillars. Wiring was concealed, and in order to facilitate repais 
it was carried in a hard rubber conduit made locally. Rubber was choser 
in place of the more usual steel, because of condensation troubles. Carefi 
attention was given to the siting of fans in those areas likely to be crowdee 
at times. In the lift well, all wiring is provided with metallic covering, 
and contacts are fitted with chokes and condensers to obviate wireles 
interference. A greater degree of silence is secured by the elimination « 
the usual mechanical contactors for floor switch-control, and the opera of 
of this through a magneto system and induced current and telephone-typy 
relays. The “ tarmac ” immediately in front of the building is illuminat 
by small floodlights fixed on the balcony of the control tower. 


Interiors of hangars are lighted by means of mercury-vapour gaseou: 
discharge lamps, the energy for these being transformed down to 110 ve Iti 
Socket outlets for power and light are suspended from the roof-gi der 
at intervals and can be raised or lowered by winches on the walls. Thre 
special projector-lanterns are provided on telescopic portable standar 
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hy means of which “spot” illumination for aeroplane repairs can be 
provided at any angle and height up to 20 feet. Areas outside the hangars 
are lit by small floodlights situated above the doors. 


Approach-Road Lighting. 
ge Mercury-vapour discharge lamps are used along the approach road, and 
there is a red neon sign at the entrance gates. 


Smoke Pot. 

__ In addition to the wind-tee and the usual wind-socks, an indication of 
‘wind direction and strength is given by a smoke pot located in a manhole 
‘in the centre of the landing ground. This smoke pot is electrically 
operated and is controlled by a switch in the control tower. The principal 
elements in the apparatus comprise an electrically-driven air-compressor, 
‘an air receiver, an oil container and an atomizing jet, and an electrically- 
neated hot plate. When the control switch is closed, current is turned on 
fo the hot plate and the air-compressor motor. Upon the air attaining 
predetermined pressure, a release valve is opened and allows oil to 
flow to the jet, where it becomes atomized and thrown on to the hot 
- The resulting dense white vapour escapes through a hole in the 
‘manhole cover into free air. The time taken to produce the smoke after 
Closing the switch is about 5 minutes; no attention is required other than 
a daily visit to replenish oil, etc., and the apparatus has been completely 


ANCILLARY BUILDINGS AND EQUIPMENT. 


_ he premises for the Royal Singapore Flying Club comprise offices 
and changing rooms on the ground floor, a lounge with verandah and bar, 
a committee room over the porch on the first floor, and a roof balcony 
above. It was necessary to carry this building on concrete piles about 60 
feet in length. 

A fire station and storeroom is located on the side of the taxiway 
leading to the slipway. This building, the flying club, and a floodlight 
e grouped together so as jointly to form only one obstruction on a line 
approach. 

The fire engine is of the latest type, providing three methods of fire 
yhting. There are four 60-lb. carbon-dioxide cylinders interconnected 
to a rubber hose with a long branch pipe and distributor. The carbon 

oxide is for immediate use to facilitate extricating personnel. The fire is 
en attacked by foam produced in Merryweather’s patent “ Xaust suds 3 
paratus capable of supplying 1,000 gallons of foam. In addition, the 
e pump driven from the chassis engine can be used for delivering an 
nary water jet at a pressure of 150 lb. per square inch. 
Two blocks of garages on rafted foundations have been provided in 
table places. Accommodation is provided for twenty-two cars. ae 
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An engine test-bench in a suitable enclosure has been built near o 
hangar. ; 

Sites have been allocated for oil companies’ installations with water 
and road frontage. Petrol and oil supplies are brought by barge to theses 
installations. Distribution to aircraft is by means of tank lorry. Under: 
ground petrol tanks on the aerodrome are not allowed. ' 

A small isolation hospital has been provided giving accommodati ont 
for any suspected cases of infectious disease that may be brought in byy 
aircraft from other countries. 

Two 23-foot launches built by the Power Boat Company with a cruisings 
speed of 18 knots are provided for control of the alighting area, seaplanes 
channel, etc. They are fitted with a searchlight, signal lamps, crash gear, 
fire-fighting equipment, six flare-buoys for night landings, and a low-powert 
radio-telephony set for communication with the control tower. 

Four 55-inch rubber-covered aircraft mooring-buoys (designed by 
Short Brothers) are laid in two trots of two. Each trot includes two} 
17-cwt. single arm and two 20-cwt. clump-anchors, and a 2-ton concrete} 
sinker. A swinging circle of 225 feet is allowed. In addition, two steel] 
drum-buoys of local manufacture with rubber fenders are provided. | 

On the east side of the landing ground is a completely equipped meteoro- ‘ 
logical station, sited so as to be as far as possible from local influences, It 
is connected to the meteorological office in the administration building by: 
direct telephone. . 


2 e 


2} 
blocks painted white and flush with the grass-surface. This continues} 
for 300 yards to the east beyond the perimeter of the 1,000-yard diame er! 
circle, the perimeter ditch being bridged for a length of 300 feet at this; 
point. This is intended as an overrun for the take-off of an exceptionally 
heavy machine if necessary, and for guidance in times of poor visibility ' 
and calm winds. There are the usual markings, consisting of a 100-foot- | 
diameter circle and the name “ Singapore ” in standard-size letters ; red 


Sa white paint in bands and squares is used to show up curbs, floodlight | 
uts, etc. 


Costs. 


The total costs of the various works are set out in Table I. The dollar. 
corresponds to 2s. 4d. in English money. 


CoNcLUSION AND ACKNOWLEDGEMENTS. 


The airport was opened for traffic on the 12th J une, 1937, by His. 
Excellency Sir Shenton Thomas, G.0.M.G., 0.B.E., Governor and Com- 
mander-in-Chief, Straits Settlements. The opening ceremony was attende 1 | 
by about seventy-five aircraft of various nationalities and by about seventy | 
thousand spectators. Up to the end of 1937, there had been four hundred 
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iy TABLE [.—STATEMENT OF Costs AS AT THE 3lst DecemMBER, 1937. 
Item Head of expenditure. bade 
= 1 Excavation, transport, and filling . . . . . | 3,110,404 
2 Hailwayeplanth- take co lek es st See 630,000 
"3 Coolie. lines for 1,000 men="3 5 .-. =... 144,376 
am «U4 Reclamation (Fortroad). . . . ..-:. . 549,063 
oe 5 Dredging pasity aiecmsn tee waais | i ears 622,541 
6 Dredging Geylang vives. 26%. 5 «© «© % 220,000 
ag TRINA MEE es os ss ss eae 162,447 
8 Pitching, eter, to slopes’... 72,417 
a) TAUYAREET? "paw 8) SA OR a a 26,505 
10 mieckmhect-pling eos 8s 4 oa a) we OS 14,000 
ee 11 IGS ee ale) on er ee hss 547,904 
12 Approach eiadsioa (sil Goa aie wo alo. 98,916 
ae 13 Aprons around hangars . . ... +... . 162,797 
ie, 14 VA neigh gOS ORE 35,000 
Miectrio’whart crane. . = ss ie 25,336 
Seaplane slipway.s) =.) soa tse a 209,601 
Office, including fittings, ete. . . . . . . 380,149 
DWV ACR VCS cr, «clues NMC wien, Wel cet oD oie aires 50,628 
Sebplane shod. Oe. Fy. Soy Sen Oa Ss 62,940 
Lighting and equipment. . . . ... . 147,362 
Ancillary buildings seg Se em aS, RIN se 38,333 
Fort road permanent drainage . . . . . . 3,675 
Contingencies . EM SMC SRP PIR a 450 
Expenses for opening ceremony ... . - 5,673 
7,320,517 (£854,060) 


and fifteen scheduled arrivals and departures of aircraft, apart from the 
al operations of the Flying Club, private owners, etc. 

_ The work was designed and executed by the Public Works Department, 
all reclamation and dredging work being carried out departmentally. 
Building construction was for the most part undertaken by local building 
contractors. Mr. ¥. D. Ward, Government Architect, was responsible 
for architectural design, and Capt. G. H. N. Reay, Electrical Engineer, 
as in charge of the electrical works. To these, and to the many civil 
gineers also of the Public Works Department who have been engaged in 
rious capacities on these works during the 6 years of construction, 
cere acknowledgements are due for their co-operation and assistance. 
e Author is Director of Public Works and Civil Aviation. 


_ The Paper is accompanied by thirteen sheets of drawings, four Tables 
c costs, and thirty-two photographs, from some of which Plate 1, the 
‘Figures in the text, Table I, and the two half-tone page-plates have been 
prepared. 
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Discussion. 


The President remarked that he would like to say a few words on thee 
Paper, as he had visited the aerodrome during various stages of its con ) 
struction. The feature of the greatest interest was the way in which the 
mud was dried out so as to enable material to be deposited on the top of it.; 
It seemed to be an almost impossible task when he first visited the aero-- 
drome-site, since the bund system had only just been started ; he had been: 


of drying out the mud, but he could not think of any other method : 
was the only possible way in which it could be done. | 
The water-mains had to be brought from the Johore reservoirs across: 


were connected together to form an arch, and were built as a footbridge. . 
The bridge had had to be built on a different site from that origina 
intended, and no proper explorations had been made. It was hoped thatt 
the material would cause a skin-friction of about 1 cwt. per square foot to) 
develop, and with that in view the abutments were designed as hollow? 
boxes turned upside down to give the largest possible surface. The 
abutments sank gradually, however, and it did not look as though they? 
would ever stop. Fortunately, it was found that by driving some very 
long piles it was possible to get down to more solid strata. ' 
There was very little in the technical details, apart from the drainage} 
problem, with which he was competent to deal, but he would like to say 
that natural conditions were not very helpful in that neighbourhood, , 
There was an average rainfall of about 100 inches a year, and it was never 
possible to be certain when it was going to rain. He had taken out th ! 
average rainfall of each month of the year for a good many years and had 
found very little difference between the figures ; there was never a long 
dry period of sunshine when the surface of the bunded area could dry 
properly. 
Sir Leopold Savile, Vice-President, said that several years ago, when 
he was in Singapore for the selection of the site for the Singapore naval 
__ base, he had been asked by the Air Ministry to collaborate with Group- | 
Captain F. E. T. Hewlett, of the Royal Air Force, in the selection of a site 
for an aerodrome and seaplane base. Although the site where the Seletar 
aerodrome was constructed was only 15 miles away from the Singapore 
airport constructed by the Author, the conditions to be dealt with were 
entirely different. Sir Leopold then showed five lantern-slides illustrating 
the site of Seletar aerodrome, which consisted largely of creeks and jungle, 
the country being therefore difficult to survey. When the Johore cause. 
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Way was made it was very difficult to find any granite suitable for the 
quoins, the only satisfactory material being obtained from boulders on 
the edge of one of the creeks shown in the lantern-slides. 
_ Turning to the Paper, he thought that every one would realize that the 
Author had had quite a different proposition to deal with from that of the 
oyal Air Force at Seletar; there was not much doubt that, in spite of 
he fact that at Seletar the country was very bad, the Author had had a 
ar more difficult problem, and one which, considering its magnitude, had 
hardly ever been solved before. To take a site all of which was under water 
‘at higli tide and a large proportion of which was under water at low tide, 
with mud over an indefinite depth, and to construct a stable landing 
ground on it, was a work the undertaking of which required an enormous 
Amount of courage. 
A point to notice was that the whole work had been carried out depart- 
‘mentally without going to contract, and in Sir Leopold’s view there was 
‘not the slightest doubt that in the case in question that was the right 
grocedure. The engineers of Public Works Departments i in the East were 
sed to carrying out big works themselves in a very cheap way. There 
‘was very little doubt that if an attempt had been made to let a contract, 
t would have been very difficult to have tied down a contract to allow for 
the possible alterations which might have had to be made during the con- 
‘struction of an aerodrome of the kind in question ; in any case, a contract 
vould have been liable to lead to fairly heavy claims before the work 
s completed. 
_ Inregard to the suggestion that the work might have been done more 
‘cheaply if it had gone to contract, it would be noticed that on p. 73 the 
cost of excavation and transport of the dry material, of carrying it more — 
‘than 3 miles by railway, and of depositing it in the reclamation, worked 
it at about 8d. per cubic yard, and he could not imagine many contractors 
dering on that basis. He doubted whether, even if they had tendered 
m that basis, they themselves could have carried out the work as cheaply 
the Author had been able to do. 
The reinforced-concrete buoys (Fig. 9, p. 79) were 8 feet 6 inches in 
eter, but the sides were only 4 inches thick. In the experiments 
ich were carried out on the deterioration of structures in sea-water, it 
found that any cover for concrete in sea-water under 2 inches was — 
e to deterioration within a comparatively short time, and with a 
ickness of 4 inches it was quite impossible to get 2 inches of cover. 
apore, moreover, had a particularly bad climate for ferro-concrete, 
a box of the kind in question in that climate would have a very damp 
ot atmosphere inside it which would tend to make the inside deteriorate, 
Ahilst the outside would always be subject to sea air. He would be 
ned to doubt whether a ferro-concrete buoy was the best type for 
» purpose, but no doubt the Author had very good reasons for using it; 
d perhaps in his ny he would explain his reasons for on OIE 80. 


Ly 
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Mr. C. L. Howard Humphreys observed that in the section of ti 
Paper headed “ General Considerations” (p. 71), the quantity of fillin 
which it was estimated would be required was stated to be 8,770,000 cubic 
yards, and he would like to know whether the Author could say how much 
was actually used. Experience in the Zuyder Zee, for example, had 
showed that where there was a soft bottom it was quite possible to exceed! 
the estimated quantity of filling by 40 per cent., and in Valparaiso harbour1 
there was a record that in certain parts the estimate was exceeded by 577 
per cent. 

Another point on which further information would be of interest 
occurred on p. 72, where the Author classified the various soils which he 
found in his borrow pit, and noted that class C, the lowest material, wasi 
very good. The Author did not mention class B, and, as they were both! 
clays with varying percentages of sand and both had to be drained, it 
would be interesting to know the Author’s opinion of class B soil. 

The President had referred to the dewatering of the mud. When the: 
Author had constructed his bunds he had had to dewater the mud, and it was 
interesting to find it stated (p. 74) that borings showed that penetration of 
the tipped soil had reached a depth of more than 40 feet in places whent 
it was being tipped on to the soft mud before it was dewatered. The) 
Author also said that after the mud had dried a depth of 12 feet of filling: 
depressed the mud only approximately 2 feet. To what depth had the | 
mud to be dried in order to give it such an enormous increase in bearing 
capacity @ | 

The aerodrome was in the form of a dome, and had a gradient of 1 in, 
190. What was the maximum gradient on which it was possible to land | 
an ordinary commercial machine without risk and inconvenience to the 
passengers ? With a big aerodrome of that kind there was the risk of two | 
machines simultaneously approaching the centre from the opposite end a 
of a diameter, and colliding because the pilots could not see each other. 

The piling also presented a small point of interest. It was stated that 
the foundations for the hangars were on piles varying from 55 to 90 feet 
in length. Such piles were very long, and he wondered whether the 
Author had found, as Mr. Humphreys had found, that a pile driven into 
soft ground would, if left for a short while, become so gripped by the 
ground as to become completely immovable, after being what had_ 
previously been regarded as apparently hopeless for bearing purposes. | 

The administration building was a very fine piece of work ; too often, 
however, when landing from a ship or from the air on British territory 
passengers were taken into a wooden or corrugated-iron shed, and made 
rude mental comparisons with arrangements in other countries, He was 
also very glad to see that the Singapore airport, apart from the buildings, — 
was wholly the work of an engineer, 4 

There was one thing mentioned in the Paper which was a ground for 
hearty congratulations to the Author, and he was certain that it was a 
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ground of great satisfaction to the government of the Straits Settlements ; 
it was a feat which he was sure had never been accomplished before in the 
annals of The Institution: it would be seen from the figures of cost 
(p: 90) that what the Author spent on contingencies amounted to only 
000006 per cent. of the total cost ! 

~ Mr. Malcolm Millar said that he wished to give some idea of the results 
of the work described in the Paper from the point of view of the air 
operator. At any point where he might reasonably expect a fair volume 
of traffic, an air operator’s requirements were manifold, but, broadly 
speaking, they could be grouped under the following heads. First and 
foremost came safety; there was no room for risk in present-day air 
fansport. Secondly came aids to navigation and approach, thirdly 
general facilities, and fourthly accessibility. 

__ The problem under the first heading, that of safety, was easy to under- 
stand, as it was so obviously desirable to have both aerodromes and sea- 
dromes free from surrounding hills and clear of obstruction on all sides, 
aving an adequate area reserved for the purpose in view, and, so far 
the landing ground itself was concerned, a surface firm enough to 
roid the risk of bogging, even in the worst conditions. There were 
any aerodromes in use to-day where those obstacles and difficulties 
d exist, and, although they did not constitute any real danger, they 
ed to the many difficulties with which an air pilot had to contend ; 
was the constant task of the air operator to reduce those difficulties 
bo a minimum. 

_ Aids to navigation could be divided into so many different sub-headings 
lat it would be necessary for him to confine himself to the broader prin- 
Jes, Aids to navigation were of prime importance in the successful 
ration of present-day air transport, which should, roughly speaking, 
le to carry on its work under any conditions. Much still remained 
be done in that direction. Further, of those aids the two most important 
ent together : wireless and meteorological information. With the former 
e were direction-finding stations and blind-approach schemes, and 
lowing them there were night and blind-landing equipment, obstruction 
ights, marker beacons, and similar equipment. 

Under the third heading, general facilities, could be grouped all those 
er things which appertained to airport equipment. From the point 
view of the passengers the air operator tried to give them shipboard 
fort and railway service at airway speed. The air line wished to 
ts passengers from one point to another with the least inconvenience 
em. From the air operator’s point of view the operator desired to 
e all his equipment so placed that he could carry on his own work as 
jently and rapidly as possible. Time was money, and in actual 
erations a period of 1 hour could also mean a distance of 160 miles. 
~ Lastly, there was the question of accessibility and proximity to the 
t which the aerodrome served. It was somewhat absurd to spend 
¢ : 


« 
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24 hours on a journey of 400 miles and perhaps } hour in reaching tha 
aerodrome at each end, but that position did exist in many places. 
It was of interest to see how the Singapore civil airport met those 
requirements. From the point of view of safety, the landing ground lef { 
little to be desired. There were easy approaches from all sides, and ha 
hangars and administration building were so placed as to offer little or be 
obstruction for a landing or take-off in any direction. The landing grou nay 
was amply large enough for present-day commitments, and although f 
might be difficult, an extension of the area or the provision of runway 
should not be impossible if it were ever found necessary. The actuas 
- marine alighting area was in the Singapore harbour proper. As in if 
case of a landing ground reserved for land craft, so would those operating 
flying boats like to see an area entirely reserved for their craft, and 8¢ 
placed that the moorings and administration buildings were situated 
the boundaries of that area. With the approach channel as it was a 
present, in certain conditions flying boats might be left with rather too long 
a distance to taxi to their moorings, both from the engineering point 04 
view and for the comfort of the passengers, but it had to be remembe ed 
that flying boats were, relatively speaking, still in their infancy, and ho 
present arrangements at Singapore were in advance of those at man 
other places in the Empire. { 
With regard to aids to navigation, Singapore was splendidly equippedi 
as was Malaya generally. The existing organization included a ci ‘ill 
aviation wireless station, which kept in touch with all craft approachi 
or leaving Singapore either until they had arrived or until they had safe 
_ reached the next point ahead. There was a medium-wave direction-findin; 
station and a meteorological office in the administration building. A! 
was stated in the Paper, visibility could be reduced to nil during severe, b a! 
fortunately usually localized, storms, which were generally of short dura 
tion ; at all other times visibility was good, fog being unknown, and the 
was no need for blind-approach systems such as were fairly widely used i 
America. The night lighting for the landing ground was excellent, am 
the buildings, which might constitute a danger to craft making a particu 
larly low approach, were adequately lit. The illuminated wind-tee enabl : 
pilots to ascertain the wind direction without any difficulty. ; 
For the marine area it had been found that the old type of paraffin flare 
mounted on twin hydroplane floats still provided the most suitable mean! 
for night landing. They had disadvantages, and it was not possible, a 
with the aerodrome floodlights, immediately to illuminate the alighti | 
area at a moment’s notice. The approach was large enough to alloy 
two flying boats of the Empire type to manceuvre and pass each othe 
without difficulty. } 
Under the heading of “facilities”, the general facilities were good, an 
- those for land planes left nothing to be desired. The telescopic covere 
ways provided enabled passengers to be embarked and disembarked 
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‘complete comfort during the heaviest tropical storms. The hangars were 
conveniently situated, and the system of doors enabled large transport 
taft to be housed with the least possible difficulty. 

_ With regard to marine craft, operators would naturally prefer to see 
Trangements such as a dock or a railway station, or at least facilities 
comparable with those enjoyed by the land craft, but there again Singa- 
pore was some way in advance of other marine stations, being able, as it 
as, to handle passengers and loads effectively in adverse conditions. 
wed from the ideal arrangement, the customs and emigration depart- 
mts, at present housed in the administration building, were perhaps 
little too far off, even though the journey was undertaken by car. 
Tt was desirable in marine air transport to have some arrangement for 
the berthing of aircraft which would allow passengers to be disembarked 
direct on to a covered pontoon or platform, whence they could continue 
under cover to comply with the various official formalities. However, 
ssible alterations and alternatives in that direction were already being 
tively considered by the Civil Aviation Department of the Government. 
~ It was always preferable to have the hangars as near as possible to the 
lipway to prevent loss of time. Even with a skilled shore crew, towing 
raft to the hangar sometimes took longer than beaching them. It was not 
lways possible to beach them, however, and it would be of immense help 
the necessary maintenance could be carried out under cover when the 
ng boats were afloat. Other excellent facilities for marine craft were 
arrangements for lighting buoys at night, the mooring buoys, the crane, 
hich had already been used for handling engines, and the ability to 
ach craft at any state of the tide. Singapore was probably more 
unately placed in regard to accessibility than any city of comparable 
From the airport proper to the main hotels was not more than 
nutes by car, and it was only 2 or 3 minutes farther to the business 

a. 

~ To sum up, Singapore civil landing ground met almost every possible 
eed of the most exacting air operator. When it was borne in mind that 
he first flying boats did not operate regularly to Malaya until 8 months 
after the opening of the airport, the excellence of the marine facilities was, 
ie thought, ample proof of the energy and foresight with which the 
roblems had been tackled by the Government, and particularly by the 
tment concerned. From what he had seen in some fourteen different 
ries, he would like to support the view which had been expressed in 
er quarters that Singapore was the Empire’s finest civil airport. 

Mr. G. B. Gifford Hull remarked that, like Sir Leopold Savile, the 
3 of the work had impressed him. It appeared that transport over a 
ance of 3-38 miles was done at a cost of something like 2d. per cubic 


ost for excavation, transport, reclamation, and staff and general, 
to 28-71¢ per cubic yard, whereas the same items in Table I (p. 91) 
i 


He would be grateful if the Author could amplify the figures given, 
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gave a figure of 44¢ per cubic yard. He noticed that the cost of railwa 
plant was shown as $630,000, but that did not seem to be include 
in the costs at all. Before he very reluctantly dispelled an illusion whic 
he had had for some years—namely, that when he and his associates haa 
been building the earth dams for the President’s water undertaking as 
Singapore they had done their work economically—he would be very glaa 
if the Author could give some greater details with regard to his figures 
He noticed that the costs applied to cubic yards loose in the wagon, wh ic 
would in any case put them up to some extent. 5 af 
An interesting item in Table I was the coolie lines for 1,000 men, thi 
cost of which were shown as $144,376. A figure of $144,000 for 1,000 
men worked out at $144, or 360s., per man. If the regulations governin, 
the number of cubic feet of space per man which obtained in the East- 
namely, 350 cubic feet—applied in the case in question, the cost wor ri 
out at over 1s. per cubic foot, for which proper houses could be built ever 
in Great Britain, where labour was expensive. He would like to know 
therefore, what kind of coolie lines were provided, whether or not the» 
were of the ordinary type usually built in Singapore with wood, whethe¢ 
or not they had water-borne sanitation, and whether or not the cost 
paths round them, and so on, was included, because coolie lines for hs 
3,000 men employed on the President’s recently finished work i 
Hong Kong, and which were regarded as excellent coolie lines for th 
East, cost less than $144,000, although for three times the number 
men. 
Mr. C. E. 0, Wood said that he had been representative of the Works 
_ Directorate of the Air Ministry in the Far East for 10} years, and thus hi ia 
been most interested in the remarks of Sir Leopold Savile, who went ot 
there in the early days to select the site for the future Royal Air Fore: 
station at Seletar. It had been his pleasure to have been connected wit 
the Author during the period of construction of the civil airport in Sing 
pore, which from an earthwork point of view was approximately 7 time! 
the size of the Royal Air Force station, and he entirely agreed with Si 
Leopold Savile that the Author’s problems and those of his residen, 
engineer were much more difficult, from an earth-formation viewpoitt f 
than were the problems at Seletar, Seletar was an undulating sit 
which involved, from the point of view of the landing ground alone 
earthworks to the extent of 1,000,000 cubic yards ; during its constructi 
they had realized that if 1 cubic yard of earth were excavated 3 
removed to a new site, it did not occupy 1 cubic yard in its new positic 
owing to the fact that, according to the formation on which it we 
being deposited, it was necessary to contend with the shrinkage- an 
compression-factors ; at Tengah aerodrome the losses were 184 per cent 
through the compression- and shrinkage-factors, That was taken int 
account when dealing with Sembawang, where 3,500,000 cubic yards ha 
to be dealt with, and he estimated there that possibly the fina ; ; od 
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for loss would be in the neighbourhood of 9 per cent., owing to the 
increased volume. 
_It had been his privilege to be called in by the former Governor of the 
Straits Settlements, Sir Cecil Clementi, to examine with him the proposed 
site for the civil aerodrome of Singapore in February, 1930; at that time 
it was proposed to site the landing ground at Tengah, which was now the 
Royal Air Force Station, but Tengah would not have had any marine 
acilities, and after careful inspection of the site Sir Cecil Clementi decided 
at a site had to be selected within 5 miles of Government House, 
hich would provide requirements not only for land machines but also 
for  seaplanes and flying boats. Within 3 days of Sir Cecil Clementi’s 
isit the site which had been developed was selected, and he was sure that 
ae Author and all others concerned would agree that Sir Cecil showed 
narked foresight in emphasizing that the Kallang basin was the ideal site 
or the future civil airport of Singapore. 
3 Mr. C. I. Robinson, referring to the doming of the aerodrome, said that 
tise of 8 feet at the centre over the circumference sounded a good deal, 
t he believed that he was correct in stating that despite that tremendous 
unt of doming, aircraft had experienced difficulty with regard to water 
on the surface when landing or taking off. The great amount of subsoil 
nage was referred to in the Paper, and it seemed difficult to realize 
at at any time there should be so much water on the surface that 
wings of aircraft in motion were damaged. It might be that the 
ent vogue for low-wing machines would pass and that that danger 
ould pass with it, but it would be of interest if the Author would say 
rh hether or not there was any way of eliminating the danger of damage to 
ircraft from surface water. 
He noticed that 16-inch octagonal piles were used in connexion with the 
way, and were apparently surrounded by 21-inch spun-concrete pipes. 
‘hat was the reason for putting pipes around piles of that size ? 
a At first sight it would appear that dredged material should have been 
part ially or entirely used for filling the swamp. The Author gave as 
is reason for not doing so that they had some other use for the dredged 
terial; eventually, however, nearly 1,500,000 cubic yards of material 
e dumped to sea. That, it would appear, might well have been 
in the initial stages on the site. The Author stated that dredgings 
Id not have proved very satisfactory material, but since the area had had 
e bunded in cells and each cell drained in order to provide a surface 
n which material could be dumped, Mr. Robinson could not see that 
here would have been any disadvantage in pumping dredged material 
ito those cells before they were drained off. 

‘Mr. H.G. Lloyd remarked that in view of the fact that the construction 
rried out in a country where there was a high rainfall and also where ~ 
was a moist atmosphere, it would be of interest if a few details could 
ed to the Paper which would indicate the we of the concrete 
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which had been used in the various works, and also the steelw 
which had been used in the reinforcement. Another point which was o 
considerable interest, and which had already been touched upon by &i 
Leopold Savile, was how much cover there was to any reinforcing steek 
work, especially in view of the fact that in some places the concrete wa 
only 4 inches thick. It would be of interest also to know whether thi 
materials used for the concrete work were obtained on the site, and whas 
those materials were, together with some indication of their sizes, so tha 
later on, when reference was made to the Paper to find out what h 
happened, information would be available regarding the materials us 
in the construction. Some reference might also be made to the cement. 

Mr. R. F. Lloyd-Jones, referring to the drainage of the aerodrome, sai 
that with the rainfall common in Great Britain it had become very difficul! 
to ensure that surface water was kept off the landing surface ; with a grass 
surfaced aerodrome the only way in which it had been found practicab 
to achieve that end was to put a fairly stiff gradient on the surface, or else 


intercept the surface water. In the Paper it was not stated whether o 
not the drains were filled to the surface, or to a level anywhere near th 
surface, with porous material. It was usually found easier to do that! 
because, where there was a very large area of water, pooling would almoss 
certainly occur in places if reliance were placed on the gradient of tk 
surface to remove the water. 

He was not quite clear what the bearing capacity of the ground was: 
the airport, and whether it was well able to resist the wear of aircraft 
There were many reasons for supposing that runways would be necess 
at almost every major airport, and he wondered whether that point hac 
been considered in the design of the airport at Singapore. He noticed 
that the drainage was set out on a purely symmetrical plan, and did no% 
appear to be designed to take the surface water from any impervious are . 
which might be put down in future. 

Had the question of having a V.H.E. direction-beacon been cc 
sidered? Despite the fact that there was no fog at Singapore, visibility 


kind was useful for approaches through low cloud, although he did n0 
know whether low clouds were experienced at Singapore. : 

The Author, in reply, observed that Sir Leopold Savile was interesté 
in the question of the reinforced-concrete buoys, and that the same po 
had been referred to by other speakers. The first reason for utilizing 
reinforced concrete in preference to steel was that of cost, since stee 
buoys for the same duty would have cost more than twice as much as 
reinforced-concrete buoys. A good deal of experience had been gain 
with reinforced-concrete pontoons and other marine structures at Singa. 
pore, and it was felt that it was justifiable to try reinforced concrete fo 
the buoys under discussion. He admitted that 4 inches appeared to he 
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rather thin, and did not give a great deal of cover; so far as he was 
aware, however, the buoys were satisfactory, and none had so far shown 
signs of deterioration, although he admitted that experience was limited 
to 2 years. 

"Mr. C. L. Howard Humphreys had referred first to the actual quantity 
of fillmg. He was sorry that he could not give that figure without refer- 
ring to his office in Singapore, but his impression was that the difference 
between the estimated and actual quantities was not very great. They 
had been very fortunate in some respects ; the amount of depression of 
mud surface due to the superimposed weight was rather less than they 
had expected, and that had helped to make up for the other places where 
bunds had slumped. Mr. Howard Humphreys also referred to the classes 
of ‘soil mentioned in the Paper. The Author had expressed a preference 
for what he termed class C soil largely on account of its greater porosity. 
e thought that better conditions would have been obtained in the end 
all the material been of that category and had it not been necessary 
tilize first of all the class B soil, which had only 24 per cent. of sand 
ead of 43 per cent. Class B soil had had to be taken as well as class C, 
however, because class B was on the top. Another question was the 
th to which the mud was dried out. The herring-bone drains had 
n dug to a depth of 2 or 3 feet, and they had endeavoured to keep the 
pumped out until such time as they judged that it would take the 
ght of the material. It was largely a matter of trial and error, as 
most of the job. They found by a certain amount of experience that 
n it was possible to walk about comfortably on the surface, it was 
ssary to wait another week if the weather were fine before commenc- 


Mr. Howard Humphreys had also asked a question about the maximum 
ient which could be permitted on a landing ground from the point 

f view of the pilot. In certain circumstances it was possible to land on 

a very steep piece of ground indeed, but for a landing ground which had 

fo be in constant and safe use by civil air traffic, he did not think the 
adient should exceed 1 in 50, and it was better to have it not so steep 
hat. It was possible, especially with a grass surface, for an aeroplane 
have its wheels locked when it came in to land. The pilot put on the 

e to pull the machine up, and if the grass were wet the wheels might 
and the machine would skid over the surface with no signs of slowing 

le That might happen to some extent on a level surface, and with 

1 gradient steeper than 1 in 50 it might be impossible to stop the machine. 
In Singapore they were used to long piles. Under the Drill hall at 
apore piles as much as 125 feet in length had been used, and a len gth of © 
n 70 to 100 feet was quite common. It was true that a pre-cast pile _ 
“seal itself up” with skin friction while an extension was being _ 
ut it was necessary to proceed with the extension, because the pile 
not have sealed itself up; one or two piles had occasionally been 
— ; . 
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left in the hope that extension would not be necessary, but when a tess 
load had been applied the pile had run away. One or two piles had 
broken in carrying out the work, particularly down at the jetty, but they 
had managed to get over that difficulty. 7 

Mr. Millar had spoken about the provision of a kind of railway stationg 
into which the flying boat would taxi at the end of the journey, and ii 
which all the repairs could be done. The Author remarked that th 
flying boat was a fairly recent development and he did not know that ii 
was a permanent one. He was inclined to think that it was, and tha 
the large aircraft of the future would be flying boats. That being the 
case, it would be necessary to tackle the problem, which he did not think 
had been attacked anywhere yet, of marine terminal stations for flying 
boats, One of the difficulties met with was the different types of flying 
boat: some had wing-tip floats and others had short stubs to preven) 
them turning over; those and other differences in size and design mad 


present and future types, and he did not know at the moment what 
answer to the problem was. It was, however, a matter which would haye 
to be dealt with by collaboration between airport authorities and aircraff 
manufacturers, + 

Mr. Hull had raised some questions about the earthwork costs. The 
Author regretted that Mr. Hull might have been misled by the figures 


* 
he had enclosed a detailed Table showing all the costs in one typiea 
month, when the work was in full swing. Unfortunately the Table hac 
not been reproduced with the Paper, and only the summarized figures 
had been extracted therefrom. It would be appreciated that the 
item in Table I (p. 91) included a great many preliminary and oth 
expenses of a non-recurrent character. The costs on p. 73 were pure 
operating costs and did not include costs of plant and machinery ; 
could, if necessary, furnish the detailed costs in question. The item 1 : 
Table I “ Coolie lines for 1,000 men: $144,376” should be amended t 
include the words “and quarters for supervising staff.’ Mr. Hull’ 
figure of $48 per man was about right for that class of coolie line. ' 

Mr. Robinson and Mr. Lloyd-Jones referred to water lying on the 
ground. It was perfectly true that it was not possible to have a gral 
surface, however smooth, absolutely dry just after a heavy storm, unless 
the ground was extremely porous, Possibly chalk might remain dry, but 
he had not had enough experience of chalk recently to be able to say 
whether chalk was sufficiently porous. It was inevitable that grass i aa 
should hold up a certain amount of water, and he had made a number of 
measurements at times of the amount of water on a typical piece of the 
surface, and it was something like 1 inch in depth. He had also seer 
aircraft landing on concrete runways after very heavy rain, and, just as 
in the case of a grass surface, it created the impression of a destroy 
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going very fast. He did not know of any case of damage to an aircraft 
owing to the water on the surface. The presence of water caused drag 
which would pull up a landing aeroplane more quickly and would like. 
wise absorb some of the power when an aeroplane was taking off. Never- 
theless there had been only one case of a deferred departure since the 
airport was opened in June 1937. That had happened in January of the 
present year, when the captain of a Dutch aircraft decided, without 
looking at the ground to see if he could take off safely, that the weather 
too bad for him to proceed. As far as he knew, there had been no 
se of a deferred arrival on account of airport conditions. The machines 
lid at times cut the grass up. When landing after heavy rain, with the 
tass still very wet, the wheels of an aircraft sometimes locked when the 
brakes were applied, and tore the grass up. All that it was necessary to 
do in such a case was to plant a little more grass. There was, of course, 
g area of concrete near the building itself where most of the manceuvring 
yas done. On the whole, the grass surface was standing up very well. 
there were one or two places where recent landing of heavy aircraft had 
left a mark, but there was no danger to the aircraft of sinking or anything 
f that kind; the surface was much too hard. As a matter of fact, it 
as apocsible to drive a peg into the ground. 

~ Mr. Robinson referred to the pipes round the piles of the jetty. They 
ere simply put there for additional protection against bumping by boats. 
_ With regard to dumping the dredgings at sea, the main reason for that 
as that the dredgers were not available for the seaplane channel until 
le airport reclamation was well in hand, and that the output of the 
edgers then exceeded the rate at which the material could be accepted 
; the alternative reclamation. It was most important to complete the 
eport as quickly as possible, and to have used some of those dredgings 
the airport reclamation would have materially delayed the work. 

[he key to progress was the rate at which the bunds could be laid down, 
and had there then been delay in filling that area partially with dredgings, 
was afraid that the completion of the airport might have been quite 
iderably delayed. 

Mr. Lloyd inquired about the concrete materials. Excellent granite 
id sand were available on Singapore island, whilst cement and steel were 
ted from England. To a very large extent, a mix of 1:2:4 was 
ed in the concrete work at the airport, the granite being crushed to 
h gauge for reinforced concrete. When possible 2 inches cover was 
but as Mr. Lloyd and other speakers had observed, it was not 
acticable to give that in all cases, and then 1 inch had to suffice. 

. Lloyd-Jones had referred to drainage from possible future runways. 

uthor did not consider that drainage from any future runways _ 
might be put down would present material difficulty. The curb- _ 

ains could deliver at convenient intervals down into existing inter- 
ing drains; he had not yet worked the design out in detail. It was 
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possible that it might become necessary to put runways down, but a full 
system of concrete runways at Singapore would cost something lik 
$2,000,000, and for every year for which the putting of them down wa 
deferred there was a saving, at 3 per cent., of quite a considerable sum of; 
money. : 

The test for bearing capacity of the landing-ground surface was 3 ton 
per square foot, the tests being carried out by means of loaded lorries. — 

No need had yet been shown for the provision of any wireless approa¢ 
systems ; when visibility was bad, the air was generally so disturbe 
as to make an approach and landing inadvisable, but the duration © 
such storms was, fortunately, brief. 


| 
| 


x The Correspondence on the foregoing Paper will be published 
the Institution Journal for October, 1939.—Src. Inst. C.E. 
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EXTRA MEETING. 


rd 2 May, 1939. 
WILLIAM JAMES EAMES BINNIBE, M.A., President, in the Chair. 


~ PRESENTATION OF THE JAMES ALFRED EWING MEDAL. 


re 


The President remarked that his first and very pleasant duty was to 
esent the James Alfred Ewing Medal to Professor A. H. Gibson, D.Sc., 
M. Inst. C.K. Sir Alfred Ewing, who was an Honorary Member of The 
Institution, had died in 1935, and in 1936 Lady Ewing, certain members 
of The Institution, and Sir Alfred’s personal friends, had founded an 
endowment fund for the annual presentation of the James Alfred Ewing 

edal to a person, whether a Member of The Institution or not, for especially 
meritorious contributions to the science of engineering in the field of 
esearch. 

_ The procedure was to invite the Presidents of the Institutions of 
Mechanical Engineers, Electrical Engineers, and Naval Architects, to 
submit names for consideration. The President of the Royal Society and 
the President of the Institution of Civil Engineers then selected the name 
hey considered most worthy for the presentation. It was a great honour 
) be the recipient of the Medal. Sir William Bragg, the President of the 
oyal Society, and Mr. Binnie had given very careful consideration to the 
ames put forward, and they had decided that Professor Gibson’s work had 
sen of the very greatest value to civil engineers, particularly in the 
direction of model-experiments. He had also been good enough to 
sontribute no less than eleven Papers to the Institution of Civil Engineers. 
__ As Professor Gibson was so very well known to the members it was not 
ecessary to take up more time, and he would therefore ask him to receive 


Professor A. H. Gibson said that he appreciated more highly than he 
Id say the honour conferred upon him by the award of the James 
ed Ewing Medal. He could think of no form of recognition of the work 
his colleagues and himself which would give him greater pleasure. 


THE JAMES FORREST LECTURE, 1939. 


The President said that before he called on Dr. Karl von Terzaghi to 
leliver the forty-fifth James Forrest Lecture he wanted to make a few 
ir ‘oductory remarks, although he felt they were not really necessary, 2 
ecause Dr. von Terzaghi’s work in soil mechanics had gained him a unique 
on in civil engineering in all countries. He had been a lecturer in 
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Turkey, Austria, Germany, and the United States of America. His firs 
book on the subject was published in Germany in 1925, and he had devotee 
the greater part of his time to elucidating problems in connexion with so: 
research. In Great Britain rather slow progress had been made in s 
research, but the value of the work which Dr. von Terzaghi and others he 
done was now being realized. 


“Soil Mechanics—A New Chapter in Engineering Science.” 
By Karu von Terzacut, Dr.-Ing., M. Inst. C.E. | 


INTRODUCTION. 


Almost half a century has elapsed since Dr. William Anderson opened 
the series of James Forrest Lectures with a brilliant discourse on “ T 
Interdependence of Abstract Science and Engineering.” Through 


of that inspiring Lecture, I realized that I could do no better in my o wr 
Lecture than to add one more little detail to Dr. Anderson’s masterly) 
exposition. This little detail comprises the mechanics of soils. 
In Dr. Anderson’s day the principal objective of the scientific approach 
to engineering problems consisted in establishing a reliable stock of know- 
ledge concerning the mechanical properties of our construction materials, 
such as steel and concrete, and the application of this knowledge tox 
structural engineering. The struggle was by no means easy, and D 
Anderson did not hesitate to express his opinion on the nature of th 
resisting forces. He said: “ The history of scientific research teems with! 
instances of discoveries which at first seemed to have no practical value, 
but which nevertheless have ultimately proved to be of the utmost im 
portance to the engineer. Notwithstanding such experience, and evel 
in these days [1893], there are so-called practical men who are utter ly) 
intolerant of either time or money being devoted to investigations which 
seem incapable of bearing immediate fruit.” | 
Since those days structural engineering has emerged from the struggle 
as an accomplished science, with very little margin left for guesswork and 
for the so-called “ acts of God.” As a consequence pioneering activities 
have moved from the scene of their victories into other regions still uncon- 
taminated by scientific reasoning. One of these regions is located beneath 
the base of the products of structural engineering. It is the subsoil. 7 
Year after year engineering periodicals report the expensive conse- 
quences of the allegedly lawless behaviour of soil. Many more acciden 3 
_ remain concealed in the memories of the authors of unsuccessful designs, 
because ignorance and vanity are concomitant. Less than 10 years ago 


* Minutes of Proceedings Inst. C.E., vol. exiv (1892-93, part IV), p. 255. 
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the Foundation Committee of a well-known engineering society decided, 
at one of its meetings, that the word “ settlement ” should be avoided in 
public discussions, because it might disturb the peace of mind of those 
who are to be served by the engineering profession, Even to-day it is 
“sometimes very difficult to learn the truth about foundations or dams which 
have developed into sources of trouble. These and many other dismal 
facts concerning the subsoil induced progressive engineers all over the world 
to turn the searchlights of scientific investigation from the superstructures 
nto the dark spaces located beneath the towering products of structural 
engineering. The movement started simultaneously in several countries 
some 25 years ago, and the result of the concerted action was given the 
ame “‘soil mechanics.”” Similar to structural mechanics, it deals with 
both the mechanical properties of the materials involved and with the 
application of the knowledge of these properties to engineering problems. 
Officially the christening of the newly-born science took place in 1936, 
at the First International Conference on Soil Mechanics and Foundation 
Wngineering at Harvard University in Cambridge, Massachusetts. 

_ The value of an engineering science is determined by what it can 
complish as a tool in the hands of the practising engineer. Hence in 
order to judge the value of soil mechanics, let us compare the degree of 
‘teliability of the pre-war methods with those of to-day, based on experi- 
ence blended with a theoretical insight into the mechanics of what 
happens in the field. The subjects we shall cover are the pressure of 
earth on lateral supports, the stability of slopes, the safety of dams 
ind weirs with respect to the danger of piping, and the performance of 
ndations with and without piles. In dealing with each one of these 
bjects I shall start with a brief review of past practice and its short- 
comings, then I shall discuss the causes of these shortcomings, and 
inally I shall describe the improvements which have been realized during 
the last decades. ; 


PRESSURE OF EARTH ON LATERAL SUPPORTS. 


During the last century and up to the present day the pressure of 
h on lateral supports, such as retaining walls or the timbering of 
cuts, has been computed by means of one of two theories, known as 
ulomb’s theory and Rankine’s theory. From experience and from 
sxperiment, we know that the conditions for the validity of Coulomb’s 
ory are more often satisfied under practical conditions than are those 
the validity of Rankine’s theory. The following discussion will there- 
fore be limited to the first of these theories. For the sake of simplicity 
it will also be limited to backfills with negligible cohesion, such as sands, 

Coulomb’s theory was published as early as 1773. It is based on the 
mpirical fact that the failure of a laterally supported bank occurs as a 
ult of the shearing resistance of the earth being exceeded along a — 
face of sliding, such as ac in Figs. 1, which starts at the lower edge of the 


Yi 


rises at an average angle of less than 45 degrees, as shown in Figs. 1 (i | 
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lateral support and rises towards the surface of the backfill. If the wall 
yields away from the fill, such as shown in Figs. 1 (a), the average slope of the¢ 
surface of sliding is greater than 45 degrees, and the corresponding late: 
pressure is called the “ active pressure’ of the earth. If, on the ot! 
hand, the lateral support is forced towards the fill the surface of slidings 


(ce) 


(e) 


(b) 


Figs. 1. 


(d) 


(a) 


4 


and (e), and the lateral force required for producing this type of fi 

is called the “ passive earth pressure.” Coulomb’s computation of 

earth pressure was based on the following assumptions :— = 
(1) That the shearing resistance s per unit of area, along any si 
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‘through the earth, is equal to 
SS =e ci Hh 


where p denotes the normal pressure per unit of area of the section and 
the angle of repose of the earth. 

_ (2) That the surface of sliding is perfectly plane. 

_ (3) That along the surface of sliding the shearing resistance of the earth 
| is fully mobilized. 

_ These three assumptions make it possible to compute the total intensity 
of the lateral pressure, but they do not suffice to determine the location of 
the centre of pressure. In order to obtain information on this vital 
point, Coulomb was obliged to supplement his set of assumptions by a 
‘ourth : 

(4) That in every point of the sliding wedge, abc in Higs. 1, the state of 
ess in the soil corresponds to what is known as a “limiting state of 
quilibrium.” This assumption leads automatically to the following 
conclusion. If both the back of the lateral support and the surface of 
the backfill are plane, the state of homogeneous failure in the sliding wedge 
nvolves a hydrostatic distribution of the lateral pressure over the back 
of the support. The corresponding centre of pressure is located at one- 
hird of the height of the wall. 

_ Based on these four assumptions Coulomb derived his well-known 
oni for the computation of the lateral pressure. Practising engineers 
discovered very soon that the theory was very insufficient in giving a 
Satisfactory solution to all the manifold problems involved. It fails to 
ccount for the effect of the compactness of the sand on the intensity of 
‘the lateral pressure ; it fails to account for the conspicuous absence of the 
hydrostatic distribution of pressure over the timbered sides of cuts; it 
uils to account for the influence of rainstorms on the lateral pressure of 
fine sand on retaining walls with well-drained backs ; and for many other 
important phenomena familiar to the man who works i in the field. Never- 
eless, for more than a century, progress has been limited to the replace- 
nt of the numerical evaluation of Coulomb’s formula by more expedient 
aphical methods. The causes of the frequent contradictions between 
theory and reality remained as obscure as they were at the outset, and the 
extbooks left it to the practising engineer to decide in which cases and to 
at degree a forecast of the theoretical pressure could be relied upon. 

at means that for more than a century the practical application of the 
ory retained all the characteristics of a gamble. 

This unsatisfactory condition did not change until some 20 years ago, 
en the patience of the progressive members of the engineering profession 
med to be exhausted with the classical conceptions. The reasoning 
ich initiated the reformation was very simple: it consisted of tracing 
known inconsistencies back to their sources. The theory, as such, was — 
nd to be flawless, because it is exclusively based on the laws of mechanics 
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and there is no exception to the validity of these laws. Hence the sou 
of existing contradictions between theory and reality can only reside in t 
basic assumptions (1)-(4) in the preceding list. The subsequent inve 
gation of the basic assumptions furnished the following results. 
By direct experiment it was found that the value ¢ in equation (1) is; 
not identical with the angle of repose, except for dry sand in a loose state. , 
In contrast to the angle of repose, which has always a value of about 34 - 
degrees, the angle of internal friction ¢ can assume any value between the } 
angle of repose and an angle greater than 40 degrees, depending on the: 
degree of compactness of the sand. When I published this statement j 
for the first time, some 15 years ago, I was charged by one of the participants 
in the discussion to be inadequately grounded in theory. The statemen | 
it was claimed, must be wrong. Since that time, as a consequence of the 
rapid development of our methods of testing, the influence of compactn 
on the value of the angle of friction became a commonplace experience, , 
which every experimenter nowadays takes for granted. 
The influence of the presence of water on the stability and on the) 
lateral pressure of sand was provided for by most engineers by the assum } 
tion that the water reduces the value of ¢ in equation (1) by 6 or = | 
degrees. In contrast to this widespread opinion experiments established 
the fact beyond any doubt that the influence of water on the ¢-value of 
sands is practically nil. The cause of the known effects of water on 
stability and pressure simply resides in the fact that the water carries o ne 
part, uy, of the total normal pressure p which acts on the potential surface } 
of sliding. Since the water has no shearing resistance, the presence of 
the water reduces the shearing resistance along an interface through a} 
saturated sand from the value determined by the classical equation (1) to | 


s = (p — uy) tang : : : . (ay 
Equation (1), as thus modified, eliminates the necessity for an assumptio! | 
concerning the non-existing “‘ lubricating effect” of water on sand. The} 
value u,, was found to be equal to the unit weight yo of the water, multi> 
plied by the height to which the water rises in a standpipe from the: 
point to which equation (2) refers, Substituting in equation (2) the) 
product yoh for the value u,, we obtain ; 


s=(p—yh)tang ee 

Equation (3) also explains the influence of a rainstorm on the latera 
pressure of fine sand on a'retaining wall with a drained back. This effect 
is illustrated by Fig. 2. The drainage-layer which covers the entire bac 
of the wall discharges the accumulating waters through weep-holes located 
above the base of the wall. ‘owe 
In humid climates fine-grained backfills are always in a very moist state 
throughout the year because the water is retained in the voids of the fill b 
capillary forces and the rate of evaporation is very low. If, however, ' 


! 
d | 
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ecdpipe i is inserted (shown at S in Fig. 2) into such a soil during a dry 
period the water does not rise in the standpipe at all. ‘This observation 
leads to a value of yok =0. As a consequence, during the dry period 
equation (1) is valid although the voids of the soil are almost completely 
filled with water. As soon as a rainstorm starts, however, the state of 
partial saturation passes into one of complete saturation, The rainwater 
floods the surface of the fill and percolates through the fill towards the 
yertical drain, The paths followed by the water-particles can be computed 
by means of the formulas which are used for seepage computations in 
general. In Fig, 2 these curves are represented by plain curves provided 
with arrows. The corresponding curves of equal standpipe-level are shown 
by dotted lines, According to the laws of hydraulics the water rises at 
every point d (Fig. 2) to the elevation of point d’, the intersection between 
the equipotential curve dd’ and the drainage-layer. Hence the effect 


f the rainstorm is to increase the value uy, in equation (2) from zero 
orresponding to the state before the rainstorm, to yoh during and for some 
after the storm. The total normal pressure p on the surface of 
g remains practically unaltered. As a consequence, according to 
ation (2) the storm produces a temporary decrease of the shearing 
sistance along the surface of sliding, which in turn causes a temporary 
inerease of the lateral pressure. This temporary increase can amount to 
‘much as 35 per cent. of the initial value of the lateral pressure. In 
er to avoid this undesirable by-product of rainstorms, we must modify 
position of the drainage-layer such as to enforce, within the “ wedge”, 
ertically downward movement of the water. This results in a an 
tal position of the lines of equal standpipe-level. 

us our inquiry has led to a radical departure from the original concep-~ 
1 of assumption No, 1. It removed some of the known contradictions 
noon: theory and reality, It dersgnstrated the non-existence of the 
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“ lubricating influence ” of water on sandy backfills, and helped to establi 
a conception which is compatible with both the laws of hydraulics and tha 
physical properties of the materials involved. Thus it opened the way fon 
understanding and controlling the influence of water on earth-pressure 
phenomena. This must’ be considered to be an accomplishment of out+ 
standing importance, because in engineering practice difficulties with soils 
are almost exclusively due not to the soils themselves but to the water 
contained in their voids. Ona planet without any water there would be na 
need for soil mechanics. 
According to the second fundamental assumption of Coulomb’s theory 
the surface of sliding should be plane. It was already known in Coulomb’: 
day that the surface of sliding is curved, but knowledge concerning tha 
importance of the error due to disregarding the curvature remained limitec 
to a few special cases having no practical importance, and no progress w 
made until von Karman, Jaky, Ohde, and others published the resul 
of their successful efforts during the last 15 years. By means of advance 
analytical methods, these investigators determined the real shape of tha 
sliding surface for both the active and the passive case, on the assumptior 
that the soil is on the verge of failure at every point in the wedge. Th 
results are as follows: in both cases the surface of sliding consists of ¢ 
curved lower part and a plane upper part, such as is shown in Figs. 1 (e¥ 
for the passive pressure. For the active pressure the error due to the 
assumption of a plane surface of sliding never exceeds 3 per cent., and this 
is negligible. For the case of passive pressure on a lateral support wit 
a rough back, however, the error can be greater than 30 per cent. 
accurate methods which have been used by the investigators referred to 
are far too complicated for practical purposes. Yet, once the necessity w 
established for considering the curvature of the sliding surfaces in back 
subject to passive pressure, it was an easy matter to find an approxima 
method which serves the purpose. The approximate method involv 
replacing the curved part ad of the surface of sliding shown in Figs. 1 (e) by 
logarithmic spiral ; the error associated with the use of this method does nt 
exceed 3 percent. Thus animportant shortcoming involved in the classical 
theory has been eliminated. | 
According to the third assumption the shearing resistance of the 
supported earth should be fully mobilized along the entire surface of slidin 4 
In a natural bed of earth, or in a fill deposited behind a rigid obstacle, the 
shearing stresses are insignificant compared to those corresponding to thé 
state of failure. Hence the third assumption of Coulomb’s theory can only 
be satisfied if the sliding wedge (abc in Figs. 7 (a)) is given an opportu nity 
for lateral expansion corresponding to the deformation which preced 
the failure of a solid body. For retaining walls this expansion can only be 
achieved in conjunction with a lateral yield of the wall, and in cuts by 
the exposure of the working face during excavation combined with the 
compression of the struts and wedges. The amount of yield required fo: 
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mobilizing the shearing resistance of the soil is determined by the height 
of the supported face and by the elastic properties of the soil. 

_ For fairly dense sands and sandy soils it was found that the required 
Yield does not exceed a small fraction of 1 per cent. of the height of the 
face. As a consequence, in actual practice Coulomb’s assumption can be 
‘satisfied without a noticeable yield of the lateral support. This empirical 
fact led superficial observers to the conclusion that the mobilization of the 
Shearing resistance of the soil does not require any yield at all. 

_ On the other hand, for soft clays the necessary movement is greater than 
that which can be tolerated for a retaining wall, and very much greater than 
the distance through which the struts in a cut can be compressed without 
buckling. Furthermore, from a study of the physical properties of clay 
; became evident that the shearing stresses in a supported bank are 
ubject to changes in course of time, without change in the external con- 
tions. The combination of these facts exclude the application of earth- 
ressure theories of any type to the computation of the pressure exerted 
y soft clay, and whatever hopes have been cherished in this respect 
during the past century must be buried. The pressure of clay on lateral 
Supports can only be learned from experience, to be acquired by actually 
aeasuring the pressure in different cuts and correlating the results with 
complete quantitative data regarding the nature of the soils investigated. 
Very few measurements of that sort have ever been made. As a conse- 

juence our knowledge concerning this subject is quite inadequate, and the 
de igner is free to choose between gambling and designing with an excessive 
pe 


_ The fourth and last condition for the validity of Coulomb’s theory 
olves the breakdown of the equilibrium of the soil in the entire space 
bc (Figs. 1) between the sliding surface and the lateral support. This in 
n represents the condition for the triangular distribution of lateral 
ssure over the back of the support, such as shown in the right-hand 
iagram in Figs.1 (a). The corresponding centre of pressure is located at 
ne-third of the height, H, of the support. 
_ With an increasing knowledge of the mechanical properties of soils it 
s gradually realized that the type of failure specified by the fourth 
umption of Coulomb’s theory represents only one of many possibilities 
exist in engineering practice. For mechanical reasons simultaneous 
down in the entire wedge does not occur, unless the lateral support 
ds by tilting around its lower edge. In every other case—for example, 
hat shown in Figs. 1 (b), involving a yieid by tilting around the upper 
e of the support—the failure starts with a disintegration of the lower 
ded) part of the wedge and is associated with a slip along the upper 
of the surface of sliding. As a consequence, the condition for the 
rostatic pressure-distribution ceases to exist. Instead of trans-_ 
ing its weight on to the lower part of the wedge, the earth contained 
‘upper part “ arches’ between the surface of sliding and the back 


Tf 


‘ture, shown as ac, in Figs. 1(b). An understanding of this action le 


_ Fig. 3 was associated with an almost complete mobilization of the shearing 
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of the support, and as a result the lateral pressure on the upper part of 
the support increases at the expense of the pressure on the lower parts 
The arching effect also influences the shape of the surface of sliding 2 
Instead of being almost plane, the surface exhibits very marked cu va 
to the conclusion that the pressure-distribution associated with the 
conditions shown in Figs. 1(b) should be approximately parabolic, the 
centre of pressure being located in the vicinity of one-half of the depth i. 
the cut. In engineering practice the closest approximation to this ¢ 
dition should be expected in timbered cuts in sands. 
The first time (some 4 years ago) that I explained this theory before am 
audience outside a classroom, I experienced anything but a benevolenti 
reception. Fortunately, the discussions aroused the interest of representa+ 
tives of the Siemens Bau Union, an organization which for many years 
had been engaged in the construction of subways in sand. Considerim; 
the practical importance of the issue the firm decided to measure the pres: 
sures in a cut 360 feet long and approximately 40 feet deep. Investi+i 
gations were made at ten different sections, and the results are shown im 
Fig. 3. In spite of rather erratic deviations from the parabolic average: 
the results are remarkably consistent. In every one of the profiles tha 
centre of pressure was located between 0°45 H and 0°55 H. Computing 
backwards from the measured total pressures, these pressures correspon 
to an angle of internal friction of the order of 40 degrees. This is equal 1 
the known value of ¢ for similar sands in the densest state. Hent 
we are justified in concluding that the pressure-distribution shown 1m 


resistance of the supported sand. Quite recently Lazarus White madd 
similar measurements in a deep cut in New York through very fina 
sand locally called “ bulls’ liver.” The pressure-distribution which he 
observed does not differ in any vital respect from that shown in Fig. 8! 
Hence the theory which has led to the result shown in Figs. 1 (b) has stood 
the crucial test of comparison with engineering reality. | 
If a lateral support yields by lateral deflexion between an upper and a 
lower belt of greater resistance, similar to the yield of the bulkhead repre 
sented in Figs. 1(c), the normal arching in the upper part of the wedge al re 
combines with a lateral arching comparable to that which occurs in a b 
of sand above a yielding trap-door. The resulting distribution of later | 
pressure must exhibit the characteristics shown in the right-hand diagra 
of Figs. 1(c). The bending moment produced by this type of late 
pressure is very much smaller than the moment produced by a pressu ; 
equal total intensity having a hydrostatic distribution. The existenc 
this peculiar pressure-distribution was realized more than 10 years ag 
Danish engineers from the fact that many ancient bulkheads along 
waterfront of Copenhagen would fail if subjected to the bending momen’ 
which corresponds to a hydrostatic distribution of lateral pressure. 


a 
' 
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later date these findings were verified by the experimental investigation of 
Mr. J. P. R. N. Stroyer1 in London. The practical conclusions derived 
from the discoveries of the Danish engineers are incorporated in the 
Danish Standard Specifications for the design of bulkheads. These 
specifications provide against a waste of material which is the result of 
‘suming a non-existing hydrostatic distribution of pressure in bulkhead 


Fig. 3. 


' 
4 
t) 
‘ 
' 
' 
' 
' 
‘ 
) 
) 
' 
) 
' 
oa) 
' 
' 
1 
i 
‘ 
' 
' 
1 
1 
' 
1 
1 
t 
‘ 
' 
'‘ 
pales 


_ The preceding summary of recent developments of knowledge pertaining 
rth-pressure is far from complete, yet it may suffice to bring out the 
ence of what has been accomplished. The methods available 20 years 
0 for dealing with earth-pressure problems were based on assumptions 


were almost unknown, and as a consequence any practical application 
the characteristics of agamble. To-day these methods are superseded 
general procedure which covers a great variety of practical cases, 
e exception of those involving the pressure exerted by typical clays. 
rules for adapting this procedure to existing conditions are well 


Wee peice on Flexible Walls.” Journal Inst. C.E., vol. 1 (1935-36), p. 94, 
ber 1935.) | J d , 
=! “4 “4 
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to exist. In the case of clays we know that under practical conditions 
the fundamental requirement of an almost complete mobilization 0: 
shearing resistance is not complied with. As a consequence, problem: 
dealing with pressure exerted by clays under field-conditions are fon 
ever beyond the scope of earth-pressure theories in general. In our future 
treatment of these problems we must choose between maintaining ow 
present state of ignorance, and acquiring a stock of reliable experience) 
by systematic measurements and identification-tests in the field. : 
All of these vital improvements have been realized as a result of th 
discovery that the intensity and the distribution of earth-pressure depend 
on many more factors than the authors of the older theories anticipa od 
Once the existence of these factors was recognized it was an easy matter te 
modify the theories accordingly. In a similar manner all other fields 02 
earthwork and foundation engineering have been critically studied for the 
purpose of weighing the importance of ignored or neglected factors. 
results of these investigations have been by no means less revolutionary: 
than those in the realm of the classical earth-pressure theories. ; 


SraBILITY OF SLOPES. 


Closely related to the problems of earth-pressure are those relating 
to the stability of slopes. In older textbooks on civil engineering th 
subject is not treated, it being considered too simple. It was sufficient 
to prescribe that the slopes of fills and cuts should be established at & in 
angle somewhat smaller than the angle of repose. The values of the ang d 
of repose for different types of soils were assembled in Tables, regardless 04 
the fact that every cohesive soil—most of the soils in nature are cohesive 
can stand in vertical banks at a height depending on the nature of th 
soil. | 

Considering the arbitrary character of the data used as a basis & 
selecting a slope, it is not surprising that nature occasionally proteste: 
against this violation of its laws. Such was, for instance, the case so! ni 
20 years ago, in southern Sweden. Within a relatively short period severa 
serious slides occurred along the railways of that part of the country, oneo 
which caused the loss of 41 lives. In order to avoid any further accident 
of this type the railroad administration appointed a committee, includin| 
amongst others Messrs. W. Fellenius and J. Olsson, to investigate the deg! 
of safety of the existing slopes and to propose measures for eliminating t 
danger. The report of that committee was published in 1922. J 
contained the most complete analysis of landslide phenomena and of so 

subject to slides which had been published to that time. It disclosed 1 
fact that it is economically impossible to establish slopes in difficult count | 
so as to comply with the usual requirements for safety of structures, 4 " 
that we must be content with precautions against danger of slides wreckir 
trains. In their investigations the members of the committee also mad 


+ | 
> 


WEA 


Fe g A NEW CHAPTER IN ENGINEERING SCIENCE. ba ¢ 


j extensive use for the first time of what is known as the Swedish method for 
d determining the degree of stability of a slope. The method is based on the 
empirical fact that the profile of the surface of sliding always approaches 
os shape of a circular arc. The principle of the method is illustrated by 


2c 
Fi. 4, Toa penn — tan (15° 5) where c denotes the cohesion and 
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Fig. 4. 
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average shearing resistance per ane of area of the 
. surface of sliding, 

Rebs 2Cy 255 distance ac, measured along the arc, and 
» factor of safety against sliding. 


a 
Wd = G,’ 

isk 
Gs = Wa . A . . . ° . (4) 


he position of the surface of sliding for which the factor of safety G, 
nimum must be determined by trial and error. 
a slide occurs before or after the fill is brought up to its final height, 
ion (4) can be used for computing the value s. The fact that the 
le has occurred indicates that G, = 1, and the other quantities contained 
he equation can be easily computed. The value of s being known, the 
tion of the fill can be modified so as to satisfy specified si ate oe 
he factor of safety. This method has also been used, and always with — 
for mes the ete te ate for stabilizing natural — 


4 
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In the case of earth structures or natural banks consisting of fin 
grained soils having very little cohesion, the most dangerous conditions: 
exist during rainstorms. In the case of embankments provided for the 
storage of water, the most critical conditions exist on the downstream side, , 
when the reservoir is full. For a mass of earth having very little cohesio 
and subjected to seepage forces, the shearing resistance s can be computed | 
by means of equation (3): s = (p — hyo) tan ¢. In this equation the 
total normal pressure, p, is determined from the weight of the earth and 
water located above the surface of sliding. In order to determine the 
hydrostatic pressure, Hyp, in the water it is necessary to draw a flow-nei 
similar to that shown in Fig. 2. The value of din equation (3) can be obtained 
from shear tests. Once the value of s is known for every point of the 
surface of sliding the average shearing resistance s can be determined by 
graphic integration. The balance of the computation is made by means 0 | 
equation (4). j 

The determination of the shearing resistance of typical clays is fa 
more difficult. The relation between the normal pressure and the shearing 
resistance is much more complicated than could have been anticipated 10) 
years ago, and even to-day our knowledge of this subject is still in a some-- 
what controversial state. The most important recent contribution wass 
made in 1936 by Mr. M. J. Hvorslev!. 

If a submerged body of soil having little or no cohesion is in a loo e 
state, an insignificant external or internal disturbance, such as might 
produced by a mild earthquake or by a spontaneous subsidence within the: 
earth, is likely to transfer the soil temporarily into a liquid state, causing it | 
to flow on a horizontal surface. This phenomenon is known as a “ flow- 
slide.” In order that a material can flow upon suitable provocation, it! 
must be loose enough to have a tendency to reduce to a denser state as a) 
result of any type of deformation. If this requirement is fufilled, a: 
spontaneous subsidence transfers part of the weight of the solid constituentst 


to the water, thus considerably increasing the pressure uy which acts 1 
. 
| 


the water, while the total pressure in the mass of earth remains unaltered. | 
According to equation (2), 


8 = (p — Uy) tan g, 


an increase of the pressure wy in the water, at unaltered total pressure 9, | 
reduces the shearing resistance s, which has the same effect as if the 
internal friction of the mass were diminished. If this reduction is sufficient, 
the mass assumes the characteristics of a viscous liquid and retains this 
consistency until the excess water has drained away. 

In a dense sand every deformation produces a tendency to expand. 
This excludes the possibility of a flow-slide. At some intermediate 
porosity the material neither expands nor contracts. Mr. A. Casagrande 


1 “Uber die Festigkeitseigenschaften gestérter indi éden.”? io 
#idenskabelige skrifter A- Ne. 45: See re heey ee ea 
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roposed the method illustrated by Figs. 5 for determining this “ critical 
orosity.”’ A tri-axial compression test, in which it is possible to measure 
the volume-change produced by increasing the axial pressure g at unchanged 
hydrostatic pressure p, is employed. The observed data are plotted 
graphically. Tests are made on specimens of different porosities. The 
lower curve Cy in Figs. 5 represents the test results obtained from a specimen 
having a high porosity, and C, those from one having a low porosity. No 
flow-failure can occur unless the volume of the soil at failure is smaller 
an the initial volume. Hence in the case of a specimen possessing the 
critical porosity, the point on the curve corresponding to failure must be 
located on the horizontal axis. Judgment alone does not make possible 
y decision regarding whether or not the danger of a flow-failure exists. 
his was demonstrated a short time ago, at the expense of the taxpayers, 


Figs. 5. 
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Contraction o 


r the failure of a dam under construction in the U.S.A. Without warning, 
tnillion cubic yards of earth were lost within a few minutes. In 
der to avoid the recurrence of such accidents, the specifications for 
pure structures of this type will provide that the porosity of the embank- 


_ When a modern concrete-surfaced highway is constructed on a fill no 
appreciable settlements can be tolerated, as otherwise the cost of main- 
tenance of the road surface becomes forbidding. The settlements of 
embankments of the same dimensions and made of the same materials 
crease with increasing compactness due to their own weight. Mr. R. R. 


a given method of compacting depends to a large extent on the moisture- 

ntent of the soil. As a rule, the compacting effect is greatest for a 

in medium water-content, which can be determined by experiment. 

ese observations led to fill-construction methods employing “ moisture- 

ent control.” This method has become the universal practice in the 

ed States in recent WALES TO Lu Sze 

In Germany methods for compacting sandy soils by vibration have been — 
ght to a high degree of perfection under the leadership of Mr. A. 

wig. _ It was found that vibration has by far the greatest compacting 
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effect if the frequency of vibration is equal to the specific frequency of the | 
soil. This specific frequency ranges from 20 and 30 hertz. <A few year 
ago a vibrator appeared on the market having a service weight of 24 ton: 
The vibration method is also successfully used for determining the relative — 
degree of compaction of fills during and after construction. 

In connexion with the stability of slopes it was mentioned that th 
danger of sliding is greatest when the earth located behind the slope i 
subjected to seepage forces. The mechanics of this influence are closely — 
related to those of a dreaded phenomenon, the failure of dams due to 


piping. 
FaILuRE oF Dams DUE TO PIPING. 


During my apprenticeship, a general contractor by whom I was i 
employed built a concrete gravity dam on a gravel foundation. In those 
days there were no accepted rules for determining the depth of shee i 
piles to be driven along the upstream and downstream edges of the body 
of adam. As a consequence the depth of the sheet piles was determined - 
by the chief engineer on the basis of his personal experience and his | 
perusal of publications dealing with foundations of similar structures 
Immediately after the reservoir was filled for the first time, the dam failed _ 
by piping. The middle part of the concrete section subsided to such a | 
depth that the crest had to be located by means of a sounding rod. The: 
sight of this catastrophe made a lasting impression upon me. 

A few years later, in 1910, Mr. W. P. Bligh published his well-known 
rules for the design of dams on a porous foundation. Considering the state } 
of our knowledge in those days, his contribution was of outstanding im | 
portance, and for many years it did not occur to me that there could be any ' 
flaw in the procedure. In 1919, however, after I had begun a systematit 
search for neglected variables, I also included the phenomenon of piping | 
in the programme of my investigations. The results were surprising. 

According to Bligh’s theory the degree of safety of a dam against piping ) 
should depend only on the nature of the subsoil and on the average 
hydraulic gradient along the shortest line of creep, L,, or the path tracet 
by a water particle which enters the soil at point a in Figs. 6(a). H 
called the ratio 


pptie U tad ator ae B+ 2T 

| H H aie) te 

the percolation-factor, and specified that this value should be no less than 
18 for fine sand and silt, and from 4 to 6 for a mixture of boulders, grav ol 
and sand. These empirical values were derived from a systematic analysis 


of all data that he could secure from a study of dams which had failed as 
a result of piping. ; 
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Upon closer investigation, however, one always finds some a priori assump- 
jj tion concealed within rules of this type. If such an assumption is faulty, 
the rule must also be invalid regardless of the amount of experience which 
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d a its conception. Bligh’s rule is based on the tacit assumption 
e critical percolation-factor should depend upon nothing but the 


(a), and the head H, at which piping occurs. AGEL 
to ascertain whether this assumption is justified, I built in 
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ie ize of the subsoil. The term “ critical percolation-factor z defines ig 
ratio between the length of the shortest line of creep, L, = B ap a fe 
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location to the boundary of the surcharge, thus defeating the purpose of 
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1919 a series of model-dams on identical sands with equal “ shortest creep”, , 
L,= 2. According to Bligh’s assumption the critical head, H,, should 
have been exactly the same for all these dams. Instead of confirming this 
assumption, the tests showed that the critical head, H,, ranged between the } 
extreme limits of 1°5L, for the type shown in Figs. 6 (b), to almost zero for 
the type shown in Figs. 6 (c). 

Further investigations into the causes of this disconcerting result 
revealed the fact that the critical head, H,, depends not on the avera 
gradient along the line of shortest creep, but on the greatest hydraul 
gradient, tmax, at which the water flows out of the ground. For a 
perfectly uniform subsoil and for a horizontal discharge-surface, the dang 
zone is located at the downstream edge of the structure. At equal “ sho: 
est creep”, L,, and equal head, the maximum hydraulic gradient can 
vary widely, depending on the cross section which has been selected = | 
the foundation. As a result the critical hydraulic head, H,, must also b i 


very different. This is incompatible with Bligh’s rule. 
The “ seepage force ” j which acts on the sand at the danger-point was 
found to be equal to 


| = bes Yous cee 


per unit volume of the sand, the symbol yp denoting the unit weight of 
water. Since this force was found to represent the mechanical cause 
piping, it should be possible to increase the critical head H, by opposi 
this force, which acts in an upward direction, by a weight acting downward, 
Since an impermeable surcharge diverts the danger-zone from its original _ 


the surcharge, it must be made to consist of, or to rest on, an inverted — 
filter. In order to check this conclusion, a supplementary series of tests 
was made. Figs. 6(d) and 6 (e) show some of the results. In the case 
shown in Figs. 6(e) an insignificant surcharge was found to suffice to 
increase the critical head H, to many times the value obtained from tests _ 
performed on a model with a free discharge-surface. As a final check on — 
the validity of the new conceptions an attempt was made to compute the 
results of various tests on model-dams in advance. The attempt was | 
successful, | 

These discoveries opened the way to many practical applications. 
After having acquired some experience with inverted filters on minor 
structures, I designed a filter covering an area of 400,000 square feet for a 
rockfill dam in Algiers, a cross section of which is shown in Fig. 7. The 
body of the dam covers the outcrops of several strata of fine sand which, 
after the reservoir is filled, will furnish channels for an appreciable flow. 
of seepage towards the base of the dam. Since the discharge-area will 
be covered with rockfill, incipient piping of the water in the sand cannot 
be detected until it is too late. The inverted filter serves to exclude th 
danger of underground erosion without inducing a dangerous concentration 
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_ of flow-lines at some other point. In order to satisfy these requirements the 
} filter-material had to be neither too coarsenor too fine. In Fig. 8 areshown 

the results of tests which were made for the purpose of ascertaining the 
-Tequired grain-size. In this diagram, D, represents on a semi-logarithmic 


Fig. 7. 
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ult of the tests it was found that any sand will serve the purpose provided 
+ its grain-size curve, Dr, intersects the 15-per-cent. line between the 


Fig. 8. 
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Assisted by the results of these and of similar investigations we are to- 

in a position to eliminate the danger of piping at a moderate expense, 
mply by obstructing the escape-routes for the solid soil-constituents 
ithout interfering with the flow of seepage. 
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HE ConsoLIDATION or CLAys AND Irs PRracTicAL CoNSEQUENCES. | 


v 


ne of the many factors which has passed unnoticed in spite of its 
ious practical significance is the time-element. From experience we 
at the settlement of buildings or the pressure on the lining of tunnels: 
crease for many years, although external conditions remain un- 
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‘with fairly close approximation by the equation 
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changed, yet the older textbooks on engineering may be searched in val 
for equations pertaining to earths and foundations which contain the time- - 
factor. The most conspicuous manifestation of the influence of time ont 
settlement corresponding to a practically constant load is demonstrated | 
by the settlement of buildings located above beds of medium or soft clays. . 
The cause thereof was found to reside in the low permeability of clay 
soils. 

For clays, as well as for any other porous materials, an increase of | 
load produces a decrease of porosity as well as a decrease of thickness of f 
layer. The relation between the pressure, 4, and the void-ratio, e (ratio) 
between the volume occupied by the voids and the solid), can be expressed 


6 Dhaene ee = 4a 


qo 


where e, denotes the initial void-ratio, uy, denotes the hydrostatic pressure it 
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the water-content of the clay, and C, and q, are empirical constants 
Since the voids of a clay in its natural state are almost or entirely filled 
with water, a decrease of the porosity of a clay is accompanied by an esca . 
of a corresponding amount of water. Due to the low permeability of clay 
this escape can only occur very slowly. The mechanics of this “ time-lag 
of consolidation ” are illustrated by Fig. 9. This figure shows a cylind a 
with a system of perforated pistons maintained in their relative positio ns | 
by two sets of spiral springs. The cylinder is considered to be completel } 
filled with water. If a load q per unit area is applied to the uppermos i 
piston, it cannot possibly descend to its ultimate position until the exce 
water has escaped from all of the various compartments. Hence at 
early stage of the process of compression, the springs located in the lowest 
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| compartments will be under no compression. As a consequence, the entire 
Toad ¢ must be carried by the water in these compartments. As a result 


the water rises in the standpipeS to an elevation above the position which 


- 0 

“it occupied before the application of load. As time goes on the pressure 
in the springs increases, and a corresponding decrease in the pressure of the 
‘water takes place, as shown by a drop in the water-level in the standpipe. 


‘mechanics of this process can be expressed by a partial differential equation 
of the second degree, which is known as the fundamental equation of the 
rocess of consolidation. In this equation one of the variables is repre- 
nted by the factor “ time.” 
- In order to demonstrate to unbelievers the existence of a hydrostatic 
# excess pressure in the lower strata of a consolidating clay, some of my 
‘colleagues established an observation-well at the eastern approach to the 
‘San Francisco—-Oakland Bay bridge, and named it “the monument to the 
theory of consolidation.” The bottom of the well is located in soft clay 
a depth of approximately 10 feet below the base of a fill. Due to the 
eight of the fill the underlying clay is in a state of progressive consolida- 
Bion. As a consequence thereof the water rose in the casing several feet 
above the crest of the fill. This elevation in turn is several feet above the 
level of the bay. To the general public, including some engineers, this is 
yy amazing phenomenon. 
a In 1919, while working on the theory of consolidation, I made the test 
shown in Figs. 10 (d), p. 126. A layer of soft clay was deposited in a 
4 cylindrical vessel, above a layer of sand. The stopcock a was closed and the 
 superincumbent water was maintained at level A. After the surface of the 
‘clay had ceased to subside, indicating complete consolidation of the clay 
a der the influence of its own weight, stopcock a was opened, thus reducing 
e head of water in the layer of sand from h to approximately zero. The 
vel of the superincumbent water continued to be maintained at A. By 
ning the stopcock the total normal pressure on a horizontal section 
ugh the clay was not altered, but the pressure uy in the water-content 
the clay was reduced from its original value to an appreciably lower 
ue. According to equation (7), a decrease of uy at an unaltered value of 
q should produce a decrease of the void-ratio of the clay, and thereby 
fect a new cycle of consolidation. The test results fully confirmed this 
eoretical forecast. As soon as the stopcock a was opened the surface 
‘the clay commenced to settle again. It came to rest several weeks 
ter, at an appreciably lower level, although the level of the superincumbent 
er was always maintained at A. 
While this test was going on I was invited to co-operate in a case which 
ved to be an unintentional large-scale repetition of my laboratory test. 


ivate water-supply for their power-house. For this purpose a well was 


‘owners of a steam power-plant, Figs. 10 (a) and (b), desired to open up 


‘A similar process occurs in a layer of clay after loading its surface. The | 


\ 


. phenomena, and the incident was considered mysterious. Hence the 
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excavated through the clay down to a layer of water-bearing gravel, , 
located between the base of the clay and the surface of the underly 

rock. The owners were overjoyed with the abundant water-supply whic 
was obtained, but their joy was tempered by their simultaneous discovery * 
that the time-rate of settlement of the power-house had increased tre: : 
mendously. Within a few months the corner adjacent to the well ha d. 
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subsided more than I foot. In spite of the coincidence between the : 
beginning of the pumping operations and the beginning of the increased 
rate of settlement, no one suspected a causative relation between the 


owners were surprised when the settlement practically ceased, as illustrate 
by Fig. 10 (c), after the well had been closed upon my suggestion, ! 
about the time of this incident the Oslo “ Underground ” was unde: 
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construction. This project involved the excavation of a large tunnel 
through fissured rock located beneath a bed of soft glacial clay some 70 
feet thick. Day by day water was pumped out of the tunnel and here 
again it was considered an incomprehensible act of providence that the 
beginning of the pumping operations coincided with the beginning of a 
progressive and very detrimental settlement of the buildings located 
above the tunnel. It was only at a later date, when construction was 
finished and the law-suits had started, that the theory of consolidation was 
remembered. 

__ At the International Conference on Soil Mechanics and Foundation 
iIngineering in 1936, Dutch engineers communicated observed data re- 
arding the settlement produced by a lowering of the ground-water level 
or the purpose of excavating a pit 900 feet by 160 feet by 20 feet deep. 
The water was pumped out of a layer of sand located beneath a bed of soft 
lay, 20 feet in thickness. At a distance of 140 feet from the pit the sub- 
idence of the surface amounted to 2 feet, and even at a distance of 2,800 
eet the settlement was noticeable. 

At the present state of knowledge the settlement due to pumping from 
d strata located beneath beds of clay can be computed with a reasonable 
legree of accuracy from the results of soil-tests on undisturbed samples. 
‘here is no excuse for not anticipating such settlements, yet it seems to be 
extremely difficult for some engineers to perceive the mechanics of this 
elatively simple process. During the last 10 years the city of Mexico 
tarted to exploit, for water-supply purposes, some of the sand beds located 
beneath the area covered by the city, with disastrous consequences. Due 
o the resulting consolidation of the soft clay strata located above the sand, 
ome parts of the city have already subsided more than 10 feet, causing 
rious damage to buildings and to the sewer-system. The causes of this 
bsidence are still the topic of lively controversies between the initiators 
nd the adversaries of the theory of consolidation. 


_ SerrLeMENT oF Footincs AND OF Rarr FOUNDATIONS. 


Settlement due to the lowering of the ground-water level is one of the 
vital topics passed over in silence in the older printed sources of 
rmation for civil engineers. The settlement of footings and of raft 
foundations is another. The instructions which the reader finds for the 
esign of such foundations are limited to simple rules for selecting the 
owable bearing pressure ”, using as a guide either the general appearance 
he soil (sand, stiff clay, etc.) or else the results of loading tests to be 
formed at the building site at the elevation of the base of the future 
ation. The reader is free to believe that he need not worry about. 


ast, he is most likely to believe that the settlement will be uniform, — 


- 
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provided that a uniform distribution of the pressure over all the loaded 
area is obtained. 4 ] 
Unfortunately neither one of these two widespread opinions is justified 
except under certain very limited conditions. According to the results of a 
general survey conducted by Mr. L. Casagrande in connexion with bridge 
piers and abutments on German highways, the settlement of these structures 
ranged between the following limits : 


¥ 
' 
| 
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| Average fie pant tons Settlement: inches. 
. er square foot. t 
umaberise Description of soil. i Rare ; 
| From | To From | To 
21 Sand, gravel | 15 | 3°0 | 0 0-4 
31 - | Boulder clay, sand 2°5 4:0 0 "3 
| or gravel with . | 
clay | | 
8 Clay, loess, loam, Tei 2-6 2 
etc. | 
9 Silt | 1g | | 2°0 8 
I 


Since the conceptions regarding the admissible unit load for differen 
types of soil are approximately the same all over the world, the above d 
quoted figures can claim more than a local interest. } 

The assumption that a uniform load-distribution also involves 
uniform settlement is not only in contradiction to the theory of Boussinesq 


4 Figs. 11. 
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published in 1885, but it is also in contradiction to practical pay nile 
Some years ago I was called upon to design the foundation for the cylindric " 
‘? 


i tank shown in Figs. 11 (a), which was to be built of welded steel ple 
a. Since I expected, in accordance with the theory of Boussinesq, a k 
~ shaped settlement, I considered it necessary to provide a very | 
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Support for the bottom of the tank. As a consequencé the bottom was 
placed on a feebly-reinforced concrete slab, 4 inches thick. Figs. 11 (b) 
Show a section through the bottom at two different periods after the tank 
was filled for the first time. In spite of a perfectly uniform distribution 
4 Ss the settlement exhibited the anticipated characteristics of a shallow 
bowl. 

___ If we try to obtain a uniform settlement by placing the load on a rigid 
slab the soil-reactions must be very much higher at the rim than at the 
centre. Hence a raft will break unless it is designed to withstand the 
bending moments due to the difference in distribution of the load and of 
the reaction. This simple conclusion was verified at great expense by a 
party which tried to improve on the design of the foundation shown in 
Figs. 11. Since this party considered a 4-inch slab a rather inadequate 
Support for a heavy structure, it was decided that the new tank should be 
placed on a heavily-reinforced concrete slab strengthened by ribs several 
eet in depth. The soil-conditions at the site of the new tank were similar 
0 those shown in Figs. 11, except for the fact that the bed of soft clay was: 
hicker and a greater settlement at the centre was therefore to be expected. 
ince the raft was too stiff to adapt itself to the bowl-shaped settlement it 
woke along two diameters, and both the tank and its precious liquid 
contents were lost. 

ie “ Allowable bearing pressures ”’ always refer to the soil located imme- 
diately beneath the base of a footing or raft. To avoid too liberal an 
nterpretation by economically-minded designers, however, the regulations 
sually specify that the satisfactory soil should extend to a depth of at least 
0 feet below the base of a footing. If a satisfactory stratum rests on a bed 
oft clay, and if, in addition, the area covered by the foundation is very 
rge, the pressure exerted by the weight of the building through the sand 
on to clay will suffice to initiate an energetic consolidation of the clay. 
he results thereof are obvious. In one case which came to my attention, 
he footings of a building were established on a stratum of a very dense 
ture of sand and gravel, “ good ” for at least 4 tons per square foot. 
footings were designed for an “ allowable bearing pressure ” of 2°5 
s per square foot. At a depth of 23 feet below the base of the footings 
the gravel rested on a 50-foot bed of soft clay. Now, 40 years after the 
Suilding was completed, the maximum settlement exceeds 3 feet and the 
ential settlement 2 feet. When the maximum settlement reached 
2-foot mark the owners began to worry, and requested that the founda- 
ibe strengthened. To accomplish this it was decided that the pressure 
it the base of the footings should be reduced from 2:5 to 1-5 tons per square 
| This was done, at great expense and with remarkable resourceful- 
by adding reinforced-concrete cantilevers to the existing footings. 
engineering feat has been widely advertised; yet it induced no 


ent gravel which took place under a load of 2-5 tons per square foot. 
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ent. No one seemed to be puzzled by the 2-foot settlement of an _ 


fe 


- tions was such that the mere realization of the nature of the factors involv 
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No one was perplexed by the fact that the 3-inch concrete pavement 
located between the footings, remained practically intact in spite of a 2-foot 
subsidence of the adjoining footings. No one seemed to notice that ¥ 
expensive reconstruction of the footings failed to make any impression om 
the trend of the time-settlement curves. P| 
In order to obtain a clearer understanding of the principles involved imi 
the rational design of foundations, we simply initiated the procedure w hich 
had been successfully used in connexion with earth-pressure phenomena 
We again embarked on a search for “ neglected vital factors ” and achieved 
the following results. The design of foundations depending on “ allowable 
bearing-pressure ”’ methods are based on the tacit assumption that the 
settlement merely depends on the nature of the soil to a depth of 10 fet pt 
below the base of the foundation. In reality settlement depends on tht 
character of the soil profile to a depth of at least 1} times the width of a 
building, on the size and spacing of the footings, on the depth of a found 
tion, and—last but not least—on the location of the footings or of the 
loaded section of a raft with reference to the outer boundaries of the aré " 
covered by a structure. If the subsoil contains beds of clay the settleme ti 
is also a function of time. 
Once the nature of the different factors which enter into a problem are 
known it is always possible to find some solution. Although our metho " 
for accomplishing this purpose are still far from perfect, a number of 
examples of successful prediction of the magnitude, distribution, and tim t 
rate of settlement of structures supported on clay foundations, are to | 1 
found in the Proceedings of the International Conference on Soil Mechani ce 
and Foundation Engineering. Considering the type and number of 
misjudgements on record, the past state of our design methods for found + 
in the problem of settlements represents an improvement of far-reach ng 
practical significance. | 


4 
é 
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If the top strata of the subsoil are too soft to carry the weight of a 
building the weight can be transferred to a lower stratum by means 
piles. Textbooks prescribe either the use of pile-driving formulas or the 
Sey of loading tests for the purpose of estimating the bearing capacit y oft 
piles. ; 

Pile-driving formulas are based on Newton’s theory of impact. They 
represent the relation between the penetration produced by the blow 
of a hammer and the corresponding resistance Qq counteracting | t e 
penetration of a pile. It is obvious that the quantity Qa represents the 
dynamic resistance or the resistance of the pile to a very rapid penetrat on. 
In 1925 I published the results of investigations which showed that the ; 


SETTLEMENT OF PitE FounpDATIONS. 
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is no relation whatsoever between the dynamic and the static resistance of 
pi les, except i in the relatively rare case in which piles are entirely embedded 
in sand or in some other highly permeable material. Since that time these 
conclusions have been confirmed by the results of valuable pile-tests under- 
aken by the Whangpoo Conservancy Board in Shanghai under the 
supervision of Dr. Herbert Chatley, M. Inst. C.E., and also by many 
ther investigations of a similar nature. Hence aes driving formulas are 
endable only in a few exceptional cases. 
- Loading tests furnish information concerning the relation between load 
nd settlement for an individual pile. Both theoretical considerations and 
xperience leave no doubt that there is no relation whatsoever between 
he settlement of an individual pile at a given load and that of a large 
oup of piles having the same load per pile. The widespread opinion 
1at a favourable outcome of a loading test excludes the possibility 
f serious settlements of an entire pile foundation ranks among the most 
mprehensible and most detrimental prejudices in the field of civil 
neering. 
An impressive example of the practical consequences of this popular 
rejudice is illustrated by Figs. 12(p.132), This monumental structure was 
ntended to serve as an outstanding example of high-grade engineering. 
x According to a statement published by the designers during the preliminary 
N vork, the foundation = designed so as to exclude the possibility of any 
ttlement in excess of 7 inch. In order to be sure of this prediction, 
site was explored by means of twenty-one test borings and three test 
jafts. In addition, eighty test piles were driven and thirty-eight loading 
S were performed. On the basis of the results of the loading tests 


) as to adapt it to the subsoil conditions in existence at the site of 
building. Finally the piles were laid out in such a manner that 
ry pile carried exactly the load required to produce a settlement of 7, 
noch. The results of these costly and painstaking efforts are shown i am 
Pigs. 12 (b) and (c): 15 years after construction was completed the 
imum settlement was more than 8 inches, and the differential settle- 
exceeded 7 inches. Even to-day, whenever I visit the building, I 
ce cracks which I have not observed before. 
m 1928 I received an emergency call to visit a building under con- 
ction which was said to have started subsiding at an alarming rate, for 
ctly incomprehensible reasons. The foundation rested on several — 
nd wooden piles from 50 to 80 feet long, driven to refusal in a bed 
d. Each pile carried one-third of the load required to produce a 
penetration obtained from a loading test. A near-by bridge pier 
a similar foundation had not moved during the 50 years of its 
nce, yet the building went down and the settlement rapidly approached — 
l-foot mark. The owners contemplated abandoning the site and the ~ 
| ng, seats responsible for the deren was confined toa spite 
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with a nervous breakdown. The cause of the settlement resided in the 
gradual consolidation of a 30-foot layer of glacial clay, located at a dey 
of 100 feet below the surface and from 20 to 40 feet below the poin 
the piles. The curves of equal settlement were practically identical wi 
those computed on the basis of the theory of Boussinesq. 

Since that time there has been hardly a single year that I have n at 
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experienced similar tragedies. Oneof the most instructive casescameto my 
attention a few months ago. It is illustrated by Figs. 13to 15 (pp.133 a ie 
The building, a beautiful monumental steel-framed sjedivanl rea! @ 
26-foot piles driven to refusal in a thin bed of sand, which icietaes th 
from the piles on to the surface of a bed of clay 160 feet thick. The b 
capacity of the individual piles is more than adequate and the settleme 
of the building is exclusively due to the consolidation of the clay. | Th 
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ttlement is still increasing. At the left in Fig. 14 are shown the curves 
requal measured settlement, and at the right are shown the curves of equal 
ttlement computed on the assumption that the building is perfectly 
exible. In a general way the weight of the building produced the bowl- 
nd trough-like depressions characteristic of settlements due to loading 
he surface of cohesive soils. The difference between the real and the 


Figs. 13. 
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uted curves is essentially due to the influence of the stiffness of the 
ng on the subsidence. This influence also shows up in the profiles 
- 15. The stiffness effects a reduction of the curvature of the 
surface, but the average settlement is unchanged. According to 
ymments on the settlement of the tank shown in Figs. 11 the differen~ 
Jement cannot possibly be reduced without transferring part of — 
1 from the centre towards the periphery of the loaded area, This 
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transfer is accomplished by the structure itself. If the structure is not] 
sufficiently strong to withstand the stresses associated with the transfer : 
failure occurs, as did occur in the successor to the tank shown in Figs. J 
This reasoning leads to an important conclusion concerning steel-framed( 
buildings in general. | . 
According to the accepted rules for the design of steel-framed buildingss 
the members of the structure are designed on the assumption that Fi 
building rests on a perfectly rigid base. If the subsoil is compressible the 


Fig. 14. 
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base of the building tends to assume the shape of a shallow bowl, yet the 
stiffness of the walls resists this tendency to a certain extent. This bri 
about a transfer of part of the weight of the building from the it " 
columns to the outer ones, As a consequence the stresses in at least 
lower part of the steel frame are apt to be very different to those that th 
designer anticipated. This condition exists in every steel-framed build 
which has been constructed above beds of clay. Such a condition i 
potential source of danger and is incompatible with the fundamental 
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mately the same. Thus far, nothing is known concerning the percenta e( 
of deviation of the real stresses from the theoretical stresses. It would¢ 
therefore seem worth while to secure some pertinent information. 

If the order of magnitude and the distribution of the future settleme 5 
are known in advance, it is always possible, by some means, to avoiag 
harmful effects, and—last but not least—to eliminate the danger of thes 
designer being criticized for carelessness and incompetence. For this 
reason it is advisable in the design of foundations to take advanta, e 
of whatever possibilities exist for estimating the settlement in advance. 


SAMPLING AND TESTING. 


The fundamental requirement for an adequate forecast of settlementi 
is an intimate knowledge of the compressibility of all clay strata containedk 
in the subsoil down to a depth equal to at least 14 times the width of the 
area covered by a building. More than 20 years ago, when engaged ins 
the survey of landslides along their railroads, the members of the Swedish} 


“kneading ” a clay at unaltered water-content. At a later date Mr. Ai 
Casagrande discovered a similar influence of ‘‘ kneading ” on the resistance: 
of clays to compression while laterally confined. As a result of these 
discoveries it became necessary to develop methods for securing undisturbedk 
samples. When J made my first subsoil explorations in the United States: 
in 1925, I shocked a boring contractor by my request for a few “ dry 
samples ” of clay, to be obtained by driving a 13-inch sample-tube with « 
bevelled edge into the bottom of a drill-hole, and by my request that thes 
tube with its contents be sealed by means of paraffin immediately after 
recovery. When I returned to the United States in 1936 my original ar 
very unsatisfactory method of sampling had been superseded by elaborate 

and ingenious procedures for furnishing almost undisturbed samples up > a 
diameter of 5 inches. The primitive methods employed in 1925 had 
practically disappeared. A similar development took place in Germany 

France, Denmark, and many other countries. To-day in all of theses 
countries a 5-inch undisturbed sample can be ordered without any furt nar 
comment, and can be obtained at a reasonable price. 

Another important development took place in the methods for selectin 

representative samples for testing purposes. In 1925, under the illusi 
that soil strata really are fairly homogeneous, I had the habit of requesti 
one “dry sample” for every 5 or 10 feet of test-borings through hor 0 
geneous strata. Since that time the painstaking investigations of Mr. A 
Casagrande have destroyed my cherished illusion. No longer is there any 
doubt that homogeneous beds of clay are very rare. Fig. 16 show 
the variations of the natural water-content within a single foot of whi 
I considered in 1925 to be a homogeneous clay. Due to the universal! 


aa 
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tive samples consists in securing complete data on the variation of at 
Teast one property of the soil along several vertical lines. The samples for 
‘the more elaborate soil tests are then selected in such a manner that the 
properties of the most frequent soil types are determined. The weighted 


“average of the test results is obtained by statistical methods. 


> ae 


Fig. 16. 
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Joratory drill-holes. These furnish continuous samples approxi- 
‘ely 2 inches in diameter. ‘The tool for securing these samples is shown : 
Pigs. 17 (a) (p. 138). Immediately after recovering a samplethe endsof = 
ube are sealed with metal disks and paraffin, and the samples are then 

iin a humid room. Prior to testing the tubes are cut into 6-inch 
s and for each section the index-property, for example the natural ~ o 
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water-content, or the natural water-content and the corresponding com 
pressive strength, are determined. Figs. 17 (6) show one of the m 
tools which are used for securing 5-inch undisturbed samples for the fi 
soil tests. It is a double-barrelled sampling device. The inner barrel 
liner is removable and is used as a container for preserving the samples 
during shipment and storage. At present Mr. J. Hvorslev is preparing ai 
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detailed report on the problems and current methods of sampling soil 
and the equipment employed. This report is being prepared for 
Committee on Sampling and Testing, Soil Mechanics and Founda: 
Division of the American Society of Civil Engineers. Z 

_A short time ago I was offered an opportunity to organize a large 
soil-exploration project for the Chicago Subway Authorities. This 
_ * ‘may serve as an example for general procedure. The proposed length 
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‘subway is 40,000 feet. The construction requires the use of compressed air 
for tunnelling through soft clay at a depth of approximately 50 feet 
elow street-level, and for several river-crossings. The “variation survey” 
ncludes about one hundred and fifty exploratory borings to a depth of 
LO feet below the bottom of the invert. The borings are being made by 
; contractor on a cost-plus basis, and the price ranges between’ $1-50 and 
$2:50 per linear foot. The selected index-properties of the clay include 
the resistance to the penetration of the sampling tubes, the natural water- 
content, and the compressive strength. The tests are being made in a 
laboratory which was established by the subway authorities solely for 
that purpose. The personnel consists of one engineer, well trained in 
‘soil mechanics, who is in charge of the soil survey, and ten assistants. 
he soil survey is being supplemented by surveying daily the levels on a 
{network of reference-points located above the different sites of under- 
ground excavation. The results of the soil investigations serve, first of all, 
s a basis for the design of the cross section of the future structure; they 
© serve to provide the contractors with detailed information on the soil- 
conditions, prior to submitting their bids, and to prevent unwarranted 
generalization on the basis of experiences gained during previous con- 
truction. Experience acquired in one section of the subway concerning 
he effect of the tunnelling operations on the street-surface and on adjoining 
buildings can only be used as a reliable guide in the construction of another 
tion if the soil-conditions at the two sites are fairly similar. On super- 
ficial inspection the Chicago clay appears fairly uniform, yet the investi- 
gations have shown that the properties of the clay vary surprisingly 
ween wide limits, both in a horizontal and in a vertical direction. The 
results of the survey afford no protection against blow-outs through old 
‘drill-holes or through locally-developed sand or gravel seams. They do, 
however, exclude the risk of cutting unawares into exceptionally soft beds 
clay of considerable thickness. They permit a contractor to take full 
advantage of whatever experience has been gained during previous con- 
iction, and they protect the subway authorities against future charges 
reless procedure. Compared to the capitalized value of these advan- 
s the costs of this soil survey are negligible. 


Legat Asprots oF THE Recent DEVELOPMENTS. 


i While discussing the different branches of applied soil science I quoted 


merous incidents involving damage to property. In all these cases 
mage was due to the fact that soil had behaved in a manner different 
that which the designers had anticipated. Such cases invariably result 
the embarrassing question: who is responsible ? _ i 
‘At the beginning of the century the engineer was entitled to consider 
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the misbehaviour of his structure as a deplorable “ act of God”’, and he was 
able to justify his claim by producing textbooks containing the essence 0 ; 
the knowledge of contemporary authorities. Since these authorities hard 
mentioned the existence of settlements or’ the possibility of piping, no) 
one could blame the average engineer for ignoring or misinterpreting these } 
phenomena. The engineer made load tests and he conscientiously followed | 
the accepted practice of keeping the soil-pressure below the tabulated = 


time-honoured “ allowable bearing pressures.” If a detrimental settlement j 
occurred in spite of all these precautions, he was entitled to consider h 
case an abnormal one and to decline the responsibility. 

However, as soon as some members of the profession acquire t 
capacity for predicting a phenomenon with such a degree of precision | 
as is shown in the settlement diagram in Fig. 14 (p. 134), and in many other ' 
published records as well, the phenomenon ceases to deserve the title? 
of an “act of God.” The same holds true for the effect of pumping ont 


to accomplish their purpose, for the failure of earth dams, and for many ° 
other phases of practical earthwork engineering. To-day there is stil 

some justification for the excuse that the methods for dealing with - 
these problems are new and therefore only familiar to a small group of 
specialists. One cannot blame a physician in New Orleans for having 


participation in the efforts to broaden our knowledge in the backward | 
domain of civil engineering. 


CoNncLUSION. 


One of the most important results of these efforts consists in establishing 
a theoretical insight into the mechanics of earth-pressure, settlement, and 
piping. This goes far beyond the boundaries of the primitive conceptions 
embodied in the textbooks published at the beginning of the century. 
Considering these scientific achievements we are entitled to ask: to what 
extent can this theoretical insight replace practical experience 2 | 

Instead of answering this question myself, I quote Dr. William 
Anderson : “ Since 1848 the supremacy of theory over rule of thumb has _ 
gradually but surely asserted itself, though, at times, the want of commol 
sense and experience in the application of abstract principles . . . has Ie 
to disasters quite as serious as those which arose from want of theoretical 
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mowledge ; and in this respect the competent and successful engineer will 
still show himself as the man who in his work is careful to make theory 
and practice walk side by side, the one ever aiding and guiding the other, 
neither asserting undue supremacy.” 

re There is no doubt in my mind that the mastering of our youngest science 
will greatly increase the capacities of the experienced engineer. My 
Opinion has repeatedly been confirmed by the statements of seasoned 
practitioners who were open-minded enough to appreciate and to digest the 
fruits of our labours. At the same time I cannot help feeling deeply 
mcerned about the self-confidence inspired in many members of the 
coming generation of engineers by our knowledge, because (again quoting 
Dr. Anderson) “ There is a tendency among the young and inexperienced 
to put blind faith in formulas, forgetting that most of them are based upon 
premises which are not accurately reproduced in practice, and which, in 
any case, are frequently unable to take into account collateral disturbances, 
which only observation and experience can foresee, and common sense 
provide against.” 

In 1893 this remark was aimed at the incoming tide of theoretically- 
trained structural engineers. To-day, in 1939, these golden words should 
‘be framed, to adorn the wall of every room in which research in soil 
‘mechanics is carried on. To accomplish its mission in engineering, science 


‘must be assigned the role of a partner and not that of a master. 


Mr. Raymond Carpmael, in proposing a vote of thanks to the Lecturer, 
d that, quite apart from the immense value of what they had heard, the 
members were bound to have been impressed by Dr. von Terzaghi’s 
‘personality and by his very clear exposition of the subject. They had also 
been brought to realize what an immense amount of work Dr. von Terzaghi 

had done, and was doing, to advance the study of soil mechanics. He felt 
eb: + The Institution as a whole, and in fact all engineers, would profit very 
‘much by a study of the Lecture. 

_ Dr. Herbert Chatley, in seconding the vote of thanks, explained 
that he had first come into contact with Dr. von Terzaghi’s work some 
13 years ago when struggling with the problems of clay at Shanghai. He 
d been presented with a copy of Dr. von Terzaghi’s book, and imme- 
ely many of those problems had become capable of solution. Dr. von 
aghi was very modest in describing the part he had played in the 
lopment of the science of soil mechanics, because in fact there was no 
ortant advance in which he had not played a predominant part in 
ding thoughts into new channels. His study was a study of the motion 
‘water on materials. It was because that subject had not been suffi- 
ntly considered before that his work had proved so illuminating. It 
d become a new science, to which his name, and almost his name alone, 


attached. LE Z 
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The vote of thanks was carried with acclamation. 


Dr. von Terzaghi, after expressing his appreciation of the vote of 
thanks, said that he hoped that his Lecture would give an additional 
impetus to the co-operation between the students of soil mechanics in 
Great Britain and abroad. 
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DupLEY ALAN SHAW. 

Jack ARTHUR SHIPSTON. 

Rosert ARTHUR SMITH. 

RopERIck ALAN STEPHENSON, B.Eng. 
(Liverpool). 

ARCHIBALD SrevuNson Tuom, B.Sc. 
(Glas.). 

Gwynpar Emus THomas. — 

Ropert FRANKLAND WALSHAW. 


if 
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The Scrutineers reported that the following had been duly elected as 


Members. : 
Tae Hon. Hucu Terence DE BureH Ernest Morcan Srrruine, B.A: 
BINGHAM. (Cantab.). 1 
WILLIAM ALEXANDER ROGERSON. 
Associate Members. 


Davip JAMES BuarKLeEy, B.A. (Cantab.), 
Stud. Inst. C.E. 

Hupert Francis Bryant, B.A. (Can- 
tab.), Stud. Inst. C.E. 

Eric Harry Burton, Stud. Inst. C.E. 

DonaLpD Prentice CARTWRIGHT, Stud. 
Inst. C.E. 

REGINALD HERBERT CHAPLIN, Stud. 
Inst. C.E. 

Wiuuu14am LanpMaN CuHapiin, Stud. 
Inst. C.E. 

Tuomas LarHam Corrin, B.Sc. (Eng.) 
(Lond.), Stud. Inst. C.E. 

Donatp Frank Coocu, B.Sc. (Eng.) 
(Lond.), Stud. Inst. C.E. 

SamvuEL Geary Corton, B.A. (Cantab.), 
Stud. Inst. C.E. 

ALBERT DE Souza, B.A., B.E. (Bombay). 

Atuian LEoNARD Fay, Stud. Inst. C.K. 

pe ALEXANDER GorpDoN, Stud. Inst. 
C.E. 

Neal Hancock, M.Sc. (Birmingham), 

Jack Matcorm Harness, M.Sc. (Man- 
chester), Stud. Inst. C.E. 

Apam Horr, B.Sc.Tech. (Manchester), 
Stud. Inst. C.E. 

Frank WILLIAM INGLE. 

Monamep Mousan Kuan, B.Sc. (Eng.) 


(Lond.). 


ALEXANDER GEoRGE Anoeus Mac. 
B.Sc. (Aberdeen), Stud. Inst. C.E. 
Wirut1am Micuart MATHERS, } 

(Leeds), Stud. Inst. C.E. 
Arruur Morant, B.Sc. (Eng.) (Lond. 
Hupert GerrarpD O’Connor, M. 
(National). | 
Soe ArtTHuR Puiuies, Stud. Inst4 


JoHN Hupert REYNOLDS. 
ArtHurR Fretpinc Ricumonp, Stud 
Inst. C.E. 1 
ALAN SPENCER Rosrnson, B.E. (Sydney)! 
Stud. Inst. C.E. 3 
Rosert Roscos, Stud. Inst. C.E. : 
CHARLES ANTHONY SERPELL, B.EngzZ 
(Sheffield), Stud. Inst. C.E. 1 
CuaRLES BERNARD Sronz, B.Sc. (Eng.) 
(Lond.), Stud. Inst. C.E. | 
BaRpick SuxK1as, B.Sc. (Eng.) (Lond.). _ 


Stud. Inst. C.E. 
WALTER REGINALD NEEDHAM GRUFY] 
Wiu1aMs, Stud. Inst. C.E. 
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| WILLIAM JAMES EAMES BINNIE, M.A., President, in the Chair. 
_ The Notice convening the Meeting was taken as read, as well as the 
Minutes of the Annual Meeting of the 10 May, 1938, which were confirmed 
and signed by the Chairman. 

_ The following Report of the Council (pp. 149 et seq.) upon the Proceed- 
‘ings of The Institution during the Session 1938-39 was read, the Statement 
‘of Accounts (pp. 168-178) being taken as read. 


a 


_ The President moved—That the Report of the Council be received and 
approved, and that it be printed in the Journal of The Institution. 
eo Sir Clement Hindley, Vice-President, seconded the motion. 
_ Mr. J. 8. Wilson, in discussing the motion, remarked that many 
nembers were very interested in the Proceedings and other publications 
other engineering Institutions and societies; would it be possible to 
iave the current numbers of the publications of such societies available 
reference in the Main Library? At present he believed that such 

—.. .. 3 4 
publications were kept in the Upper Library. 

_ The President promised to look into the matter, but said that he 

ught that the current numbers of such publications were kept in the 
Library for a time and were removed for binding in due course. 
‘Mr. H. G. Lloyd said that last year he had ventured to make a few 
nor suggestions with regard to the speeches of those taking part in 
cussions, with a view to facilitating the ease with which they could be 
ard. He was pleased to see that those were approved and had been 
ied during the past session. He would like to mention, however, that, 
+ there was a tendency for members to speak more than was formerly 
ase, there were still some who read their remarks. The result was that 
jonally remarks were read that had already been made by a previous 
er, because obviously it was difficult to cut out those portions of a 
written speech which had already been said by someone else. He would 
therefore venture to suggest that some steps should be taken at the 


nmencement of each session to remind members of the regulations which 
been printed in the Journal. 

here was one further point. It might have been noticed by members 
evening that there was some resonance from some part of the Lecture- _ 
re. It was especially noticeable when the Secretary was reading the _ 
part of the Report, but after a time it disappeared. That sometimes 
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happened with various speakers, and he was wondering whether so: 


steps could be taken to reduce it. 


The President, commenting on w 


more effective. 
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hat had been said about speakers wha 
read their remarks, said that it was true that it was very frequently do: r: 
and that there would be a general feeling that it was to be discouraged. 
thought that the Council would give consideration to the steps w. hich 
could be taken to make the regulation to which Mr. Lloyd had referrec 


With regard to the resonance from the Lecture-theatre, it was not duc 


to the theatre itself ; he thought that, since all the sloping seats had bee 


The Scrutineers reported the election of the Council for 1939-40 ai 


follows 1 :-— 


President. 
Sir CLEMENT DANIEL MAGGS HINDLEY, K.C.L.E., M.A. 


Vice-Presidents. 
Sir John Edward Thornyeroft' 


Maurice FitzGerald Wilson. 


Sir Leopold Halliday Savile, K.C.B. K.B.E. 
Professor Charles Edward Inglis, 

O.B.E., M.A., LL.D., F.R.S. 

Other Members of Council. 

Athol Lancelot Anderson, C.B. Thomas Peirson Frank, 
David Anderson, LL.D., B.Sc. Ralph Freeman. 
George Ernest Bennett, M.Sc. Griffith John Griffiths. 

(I ndia). William Thomson Halcrow. ] 
Asa Binns, Charles George Hawes, BSei 
Walter Miller Campbell (South (India). 


Africa). 

Raymond Carpmael, 0.B.E. 

Frederick Charles Cook, C.B., 
D,S.0., M.C. 

Sir Harley Hugh Dalrymple-Hay. 

Jonathan Roberts — Davidson, 
C.M.G.; M.Sc. 

Charles George Du Cane, O.B.E., 
B.A. 


Roger Gaskell Hetherington, C.B. 
O.B.E., M.A, ve 
Ralph Frederick Hindmarsh. 
Drummond Holderness (New 
Cecil Lee Howard Humphreys, T.D! 
William Henry Morgan, D.S.0. 
Sir Standen Leonard Pearce, C.B.E.| 
D.Sc. tal 


1939. 


1 ‘The Council commence their term of office on the first Tuesday in Novemb 
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Joseph Newell Reeson (Australia), Julian Cleveland Smith, LL.D. 
Vernon Alec Murray Robertson, (Canada). 

pM.C. Reginald Edward Stradling, C.B., 
Francis Ernest Wentworth-Sheilds, M.C., D.Sc., Ph.D. 


OBE. 


Mr. A. W. E. Bullmore proposed—That the thanks of The Institution 
be accorded to the Scrutineers, and that the ballot papers be destroyed. 
It needed no remarks of his, he said, to commend the resolution to the 
approval of the members. 

Mr. P. J. Cowan seconded the motion, which was carried unanimously. 
Mr. P. J. H. Unna said that all the Scrutineers would wish their 
thanks to be conveyed to the meeting. The ballot was considerably 
smaller than usual, over eight thousand members, including about two 
thousand five hundred overseas members to whom voting papers were 
not issued, having abstained from voting. He suggested that it might 
be a nice gesture to the overseas members if voting papers could be 
issued to all of them in future. He knew that that might be difficult 
owing to an obsolete by-law, which dated from before the War, and which 
had not visualized air mail services; but those who lived in the Malay 
‘tates already received papers at the request of their Local Association, 
md he was sure that an invitation to take some direct part in the 
siness of The Institution would be appreciated by all who lived abroad. 

Presumably he should, in accordance with precedent, extend his thanks 
9 twenty-three members who reduced the monotony of carrying out the 
scrutiny by disclosing the various ways in which it was possible to spoil 

voting paper, and also to seven members who managed to spoil their 
ting papers by omitting to lick down the flap of the envelope, in order 
save a penny stamp. He could never quite see why the flap should be 
ed down, and the only effective result on the present occasion was that 
yn e thousand five hundred and seventy-seven well-gummed envelopes had 
jad. to be cut open. 

_ Mr. B. D. Richards proposed—That the thanks of The Institution be 
Q to Mr. E. W. Monkhouse, Honorary Auditor, and that he be re- 
inted Honorary Auditor for the current financial year, and that Sir. 
Rae Smith be reappointed Professional Auditor for the current 


cial year. 
_ A. §. Buckle seconded the resolution, which was carried unani- 


ly. at 
4 I. §. Wilson asked if the moment were opportune to mention a 
in connexion with the balloting paper. There were two overseas 
abers on the list in the present case whom he was glad to see had been 
ed. On the balloting paper it was stated that they were nominated as 
norate members, resident in South Africa in one case and in Australia. 

e other. He did not know whether it was a fact, but he believed that 
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those members were nominated by other corporate members in Southl 
Africa and in Australia respectively. If on the balloting papers members 
were informed that those two Members had been nominated by thein 
colleagues or by Local Associations in South Africa and Australia, the 
members would regard them far more favourably than if it were thou ht: 
that they had simply been chosen without regard to the Local Associations 
or to their colleagues in those countries. 
Sir Clement Hindley said that at the President’s request he would 
answer that question so far as he could. The Council, under the By-laws,: 
were charged with the duty of preparing the ballot list, and it was their. 
responsibility to put the names on the list ; in regard to Members overseas,3 
however, they received from the Advisory Committees in the localities 
certain suggested names, and from those suggestions the Council selecte 
the names to be put on the balloting list. The Advisory Committees 
responsible for putting forward those suggestions were elected by the 
corporate members in the locality, and the Council were thus satisfied 
that the names put forward were acceptable to the general body of 
members. Although, therefore, it would not be right to say that * 
overseas Members in question were in any way voted for or balloted fe 
separately by members overseas, it was known that they were people who« 
were chosen and acceptable. 
Mr. E. W. Monkhouse, on behalf of his fellow Auditor and himself 
thanked the members for the resolution that had been passed. 
Sir Cyril Kirkpatrick proposed—That the thanks of this meeting bes 
accorded to Mr. William James Eames Binnie, President, for his condueti 
of the business as Chairman of the meeting. It required no words fromi 
him to say that Mr. Binnie had conducted the meeting in his usual busines 
like way and with his unfailing courtesy to everyone. 
Mr. R. G. Hetherington seconded the resolution, which was carriedt 
unanimously. 
The President briefly acknowledged the resolution. | 
Dr. W. L. Lowe-Brown said he was sure that all the members would 
wish to express their thanks to the Secretary and to his staff for the wayy 
in which they had done their work during the last year, which had beent 
exceptionally busy owing to the central register which they had preparedi 
in addition to their ordinary work. 
Mr. H. G. Lloyd seconded the resolution, which was carried unani 
mously. 
The Secretary, on behalf of the members of the staff and himself, 
thanked Dr. Lowe-Brown and Mr. Lloyd for their kind references to the’ 
Institution staff. At the same time he would like to take the opportu nity’ 
of thanking the staff on his own behalf for their unfailing loyalty to himself.| 


The proceedings then ended. 
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z e REPORT OF THE COUNCIL, 1938-39. 


_ In accordance with the By-laws, the Council present the following 
report upon the state of The Institution. ; 
‘7 _ During the year under review the trend of international affairs has made 
it necessary to organize and accelerate measures for national defence, in 
which the services of the engineer play an ever-increasing part, and it 
may therefore be appropriate to deal briefly with some of the activities 
of The Institution in this respect. 
National Service.—It will be recalled that early last year the Council 
ecided to establish at the Institution a register of engineering services, in 
order that they might have readily available an up-to-date record of the 
ualifications and experience of corporate members for use as might be 
required in connexion with The Institution’s work. At the time of the 
crisis in September last the compilation of the register was accelerated, 
and the appropriate Government department was informed that this 
Tegister would be placed at their disposal if and when required for the 
ilization of the expert services of members in the event of emergency. 
Subsequently the Government decided to organize the nation’s man- 
ower on the basis of voluntary registration, and the National Service 
Jepartment of the Ministry of Labour was empowered to form a central 
ister of scientists, technical experts, and professional men. The Insti- 
ion is represented on the advisory council set up to advise on the 
lization in war-time of persons on the central register, and the committee 
of that council dealing with the engineering section of the register is 
mder the chairmanship of Mr. S. B. Donkin, Past-President. An invita- 
ion has recently been issued to all corporate members at home and in the 
Colonies to place their names on the central register, thereby offering their 
services to the Government if the need arose. 
| It may be noted that The Institution will continue to maintain its own 
record of engineering services for the purposes originally intended, and 
proposed to add to this record a list of firms of consulting engineers 
th their technical staffs. 
Co-operation with Military Engineers.—Steps have also been taken 
promote close co-operation between the military engineer and the civil 
gineer, both in times of peace and of war, and an informal meeting of 
e Institution held to discuss this question was attended by a large 
ber of officers of the Corps of Royal Engineers. An informal liaison 
mittee of civilian engineers and Royal Engineers has now been formed 
ster and maintain closer co-operation, to create better opportunities 
Royal Engineer officers to associate with their civilian brethren, and 
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to study how the best use can be made of the training and experience 
such civilian engineers in the event of war. P 

The Institution having been legally advised that there is no provisio1 
in the Charters which would debar a Royal Engineer officer from election 
provided he can comply with the ordinary conditions for corporate member: 
ship, the Council have laid down the conditions under which such officers 
may be accepted ; these conditions involve, in the case of officers com: 
missioned since 1926 and who have passed the Mechanical Sciences Tripos 
Examination at Cambridge University, certain periods of training vil 
civilian engineers in addition to their courses at the School of Miley 
Engineering, Chatham, full compliance with the examination requireme’ att 
being also a condition of their election. Officers commissioned prior te 
1926 will be considered for corporate membership individually on th i 
merits as regards adequate experience in civil engineering work ana 
compliance with the examination requirements. ; 

Engineering Precautions (Air Raid) Committee—In May 19385 
the Council, after consultation with the Air Raid Precautions Department 
of the Home Office and with the assurance of that department’s ¢o 
operation, appointed a Committee to prepare and provide for engineers 
authoritative guidance regarding the protective measures necessary 
against damage by air bombardment to structures and other engineeri ry 
works. 

The Committee adopted a programme of research, and the major pa 
of the experimental and theoretical investigation was undertaken by the 
Director of Building Research, Dr. R. E. Stradling, a member of ft 


¥ 
Committee. Facilities for this research work were provided by the Gove . 
ment, and The Institution allocated a member of the staff to act as technics 
officer to the Committee. i 
While the research investigation was being initiated the Committee 
decided to publish preliminary memoranda based on existing information 
Two memoranda, on “ Blast ” and “ Penetration of Bombs ” respectively 
have been published in the Journal and they have also been reprinted ir 
pamphlet form. | 
The first stage of the research work has now been completed and_ 
report has been prepared and presented to the Committee. It is hoped t 
publish this report. | 
The Committee have recently appointed a panel, upon which th 
Royal Institute of British Architects, the Institution of Mechanic: 4 
Engineers, the Institution of Electrical Engineers, and the Institution, of 
Structural Engineers have each nominated a representative, to collaborate 
with the Home Office in preparing design methods and type designs for 
protection of varying degree against the high-explosive bomb, based upon! 
No. 5 Handbook of the Home Office. | 
__ Professional Assistance for the Government Scheme for Air Raid! 
Shelters.—At the request of the Lord Privy Seal, The Institution is 


_ a - 
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pllaborating with the Royal Institute of British Architects, the Institu- 
tion of Structural Engineers, the Institution of Municipal and County 
Engineers, and the Chartered Surveyors’ Institution, with a view to 
organizing the means of affording professional advice and assistance 
equired by local authorities in carrying out the Government scheme for 
air raid shelters. For this purpose a committee representing the five 
Institutions, under the chairmanship of Sir Clement Hindley, Vice- 
P: esident, known as the “ Professional Advisory Committee (Shelters) ’’, 

as been set up in London, together with regional professional com- 
mittees in twelve provincial centres, and the local authorities have been 
uested by the Government to apply to these committees for the 
professional assistance required in carrying out air raid shelter schemes. 
A Institution Building—The Council have given consideration to 
uestions relating to the building and the safe custody of The Institution’s 
sords and property in case of national emergency. 

Ordinary Meetings——Mr. W. J. HE. Binnie, M.A., delivered his 
residential Address at the opening meeting of the Session on the Ist 
November, 1938, when he departed from tradition and dealt with what 
was known by those who lived in ancient times regarding science and 
engineering. He gave numerous examples of ideas and in some cases of 
ual inventions which many years later came to fruition and were put 
o actual practice by modern scientists and engineers. 

' Eleven Ordinary Meetings have been held, at which the Papers 
nentioned below were discussed :— 


SUBJECT. AUTHOR. 


e Principles of River-Training Sir Robert R. Gales, F.C.H., M. 
or Railway Bridges, and their Inst. C.H. 


improvements at the Royal Docks, R. R. Liddell, M. Inst. C.E. 
- Port of London Authority. 
ata, Control in Coal Mines. H. T. Foster, B.Eng., and M. A. 
Hogan, D.Sc., Ph.D., M. Inst. 
C.E. 
onditions of Engineering Con- E. J. Rimmer, M.Eng., BSc., Assoc. 
M. Inst. C.E., Barrintos-at-Lavw. 
W. J. iE. Bintiia) Muss and H. J. F. 
; Gourley, M.Eng., MM. Inst. C.E. 
ome Experiments on the Lateral R. D. Davies, M.A., Ph. D., Assoc. 
illation of Railway Vehicles. M. Inst. C.B. 
Vertical Path of a Wheel Professor C. H. Inglis, O.B.E., M. As 
ving along a Railway Track. LL. D., F.R.S., M. Inst. C. B. 


“ 
\.\ 
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G. A. Maunsell, B.Sc. (Eng.), MJ 
Inst. C.E., and J. F. Pain, M.C.,. 
B.Sc. (Eng.), Assoc. M. Inst. C.E. , 

Considerations on Flow in Large James Williamson, M. Inst. C.E. 
Pipes, Conduits, Tunnels, Bends, 
and Siphons. 

Reconstruction of Aldgate East J. H. Harley-Mason, M. Inst. C.K. 
Station. 

Investigation of the Outer Approach Oscar Elsden, M.Sc., Assoc. M. Inst 
Channels to the Port of Rangoon CE. I 
by Means of a Tidal Model. 

Schemes of Improvement for the Jack Allen, M.Sc., Assoc. M. Insts 
Cheshire Dee: an Investigation C.E. 
by Means of Model-Experiments. 

The Singapore Airport. 


The Storstrgm Bridge. 


R. L. Nunn, D.S.O., M. Inst. C.E. 


OD 
other Papers published, and for Students’ Papers, will be announced int 


The awards for Papers read and discussed at Ordinary Meetings, fo 
the October Journal. . 


Supplementary Meeting :— 
One supplementary meeting was held as follows :— 


SUBJECT. AUTHOR. 

The Problem of Stiffened Suspension R. J. Atkinson, B.E., and Professory 
Bridges, and its Treatment by — R. V. Southwell, M.A., F.R.S. | 
Relaxation Methods. 


Informal Meetings ;— 
Seven informal meetings were held as follows :— 


SUBJECT. INTRODUCER. 

The Relative Merits of Pre-Cast and A.C. Dean, M.C., M.Sc., M. Inst. C.E | 

Cast-in-Situ Piles. . 

The Design of Trunk Roads for High H. E. Aldington, M. Inst. 0.E. 
Speed and Safety. . 

Co-operation between the Civilian Sir Clement Hindley, K.C.1.E., M.A,,, 


Engineer and the Military Engin- 
eer. 7 
The Work of the Engineering Pre- 
cautions (Air Raid) Committee. 
The Preparation and Giving of Ex- 
pert Evidence. 

The Economic Aspect of the Re- 
placing of Manual Power by Me- 
chanical and Electrical Power. 


Professor A. J. Sutton Pippat d, 


Sir Henry Japp, K.B.E., M. Inst. 0.E | 


M. Inst. C.E., and Lt.-Col. F. H. 
Budden, M.C., late R.E. 


M.B.E., D.Sc. 


(since deceased). 
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The Importance of a Training in T. G. Rose, M.I.Mech.E. 

Management for Engineers. 

_ (The last three meetings were 

~ held jointly with the Institutions 

_ of Mechanical and Electrical 

i Engineers.) 

“Z 

_ - 

 Lectures—The Dugald Clerk Lecture on “ Dugald Clerk and the 

Gas Engine—His Life and Work” was delivered before the Association 

of London Students on the 14th December, 1938, by Mr. W. A. Tookey, 
Inst. C.E., and was repeated at meetings of five of the Local Associations. 

_ The forty-fifth James Forrest Lecture was delivered on the 2nd May 

by Professor Karl von Terzaghi, Dr.-Ing., M. Inst. C.E., who took for his 

ubject “ Soil Mechanics—A New chapter in Engineering Science.” 

— Joint Meetings:—Three additional Joint Meetings were held with 

other Institutions and engineering bodies as follows :— 


With the Institution of Structural Engineers, when a Lecture on “ The 
Construction of Bridges in Denmark” was delivered by Professor 
_ Anker Engelund, M. Ing. F. 
Nith the British Section, Société des Ingénieurs Civils de France, and the 
Institution of Structural Engineers, when a Paper on “ The Strengthen- 
ing of Austerlitz Bridge (Paris) by Electric-Are Welding ”’ was read by 
_ Monsieur Fauconnier. 
Vith the Institution of Automobile Engineers and seventeen other bodies, 
__ when a symposium of Papers on “ Factors Contributing to Comfort in 
- Travel” was read and discussed :— 

Section 1. “‘ By Road ”, by S. E. Garcke, M.I.Mech.E., M. Inst. T. 
_ Section 2. “ By Rail”, by the Rt. Hon. Lord Stamp, G.B.E. 
_ Section 3. “ By Air”, by Captain E. W. Percival, M.R. Ae. 8. 


Road Engineering Section—This Section was formed during the 
sion to include within its scope all matters appertaining to the study of 
engineering relating to planning, construction, and research, and 
ding highway bridges. 

‘It was decided that the activities of the Section should include the 
lowing :— 

(a) The holding of one Ordinary Meeting of The Institution, presided 
: over by the President, to be devoted each Session to a Paper 
selected by the Section Committee and approved by the 
Council on the recommendation of the Publications and 
- Library Committee. 
_ (b) The holding of such number of Sectional Meetings as may be 
: - determined by the Section Committee, the choice of Papers, — 
‘or of the subjects for informal discussion, for such Meetings 
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being in the hands of the Section Committee, subject to # e 
approval of the Council. i 
(c) The arranging of a Summer or Autumn Meeting, if thought: 
desirable, at which Papers can be read and discussed and: 
visits to works organized, such arrangements being in the 
hands of the Section Committee, subject to the approval of the 
Council. 


The opening meeting was held on the 8th February, 1939, when Mr. F. 
C. Cook, C.B., D.8S.0., M.C., Member of Council, the Chairman, gave a 
Address on the aims and objects of the Section. A further meeting was 
held on the 30th March at which the subject of “ Soil Problems in Road 
Construction ” was introduced for discussion by Mr. A. H. D. Markwick, , 


Committee of the Section. Over nineteen hundred Members, Associate 
Members, Associates, and Students have registered themselves as members 
of the Section. 


Association of London Students was held on the 16th November, 1938, wh on ’ 
Mr. A. L. Wheeler, B.Sc. (Eng.), Stud. Inst. C.E., Chairman of the Associa- - 


the Association of London Students, and then dealt with some aspects 
of dock reconstruction, with particular reference to dredging, as carried | 
out by the Port of London Authority. Mr. W. J. E. Binnie, Presiden: 
took the Chair. | 
Three Meetings were held for the reading and discussion of Papers, 
and two Informal Meetings took place. One of the meetings was held . 
jointly with the junior Sections of the Institutions of Mechanical and 
Electrical Engineers, and dealt with “The Engineering Aspects of th 
London Passenger Transport Board.” 
The fifty-eighth Annual Dinner of the Association was held at the 
Connaught Rooms on the 3rd March, when Mr. W. J. E. Binnie, President, 
was the guest of the evening. About seventy Students and guests were 
present, | 
Four Visits were paid to engineering works, but it is regretted that, — 
with the exception of the visit to Waterloo Bridge, the attendance was 
less than usual. : 
Authority has been given for the publication on behalf of the Association | 
of a special Students’ Journal, of which Numbers appeared in Octobe! | 
1938 and January 1939 respectively. Reports received indicate that this 
has been much appreciated and should help to stimulate the interest of | 
the Students in the work of the Association, 
Engineering Abstracts.—The issue of “ Engineering Abstracts” — 
_ monthly in sectionalized form, each section dealing with one or with 
two or more allied branches of engineering, is being continued, and the 
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inclusion in the “ Abstracts ” of references to important articles appearing 
in journals published in the British Isles has been welcomed, especially by 
subscribers overseas. 
_ “Ingenuity ”’ Competition —The Council have awarded the prize of 
£25 to Mr. W. E. Reed, Assoc. M. Inst. C.E., for his article submitted in 
ompetition under the will of Mr. R. E. 8. Cooper, M. Inst. C.E., for the 
pest answer to a problem on “ Ingenuity”, or the power to deal with an 
ergency cheaply, effectually, and quickly. 
Institution Journal.—The attention of the Council has been drawn 
(0 the fact that it is not possible for those members who do not take the 
institution Journal to keep in full touch with the various activities of The 
astitution, particulars of which are published in the Notices Section from 
ime to time; and they strongly urge that every member should make a 
point of receiving the Journal, and interest himself in the different branches 
of work of The Institution. 
Local Associations—The Council having acceded to a request by the 
members in the Edinburgh district for the formation of a Local Association 
of Corporate Members and Students having its centre in that city, the 
maugural meeting was held at Edinburgh on the 26th October, 1938. 
Professor Sir Thomas Hudson Beare, LL.D., F.R.S.E., M. Inst. C.E., was 
‘elected Chairman of the new Association, and the President (Mr. 8. B. 
Donkin) attended the meeting and delivered a short address. 
A request for the formation of an Association of Corporate Members 
d Students at Glasgow in place of the existing Students’ Association 
s been acceded to, and it is expected that the new Association will be 
jaugurated at the beginning of next Session. 
ia The Council wish these two Associations every success and they trust 
hat their activities will be of much value to members and Students in 


Scotland. 

4 The Council have also agreed to a proposal that Local Associations 
may, if they so desire, adopt a territorial nomenclature. As a result of 
s decision, the Manchester Association and the Portsmouth, Southampton 
d District Association have chosen to be named. the North-Western 
sociation and the Southern Association respectively, and the area covered. 
- the latter Association has been considerably extended. 

“The Table on p. 156 gives in detail the strength and activities of the 
| Associations. : 

‘In addition to the meetings included in the Table, a number of 
meetings have been held with the local branches of other engineering 
itutions. 
Papers have been read before the Local Associations on a great variety 
‘subjects, including flood problems and land drainage ; water-supply 
sewage purification ; slipways and wharves ; aerodrome construction ; 
ricity generation ; welding; town planning ; lighthouses and aids to ; 
igation; and work in asphyxiating atmospheres. The Council are 
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Corporate members. | No. of No. of 

Association. otek | kaaare Students. meetings. visits. 
Birmingham . ; 567 207 218 9 5 
Bristol . ; 3 212 98 100 10 _ 
Glasgow é : — — 171 7 4 
Edinburgh . ; 172 77 88 5 3 
North-Western 5 645 154 164 Il 3 
Newcastle : .|- 294 125 93 17* 5 
Northern Ireland . 93 62 22 9 — 

South Wales and| - 

Monmouthshire . 182 57 62 6 1 
Southern : : 438 81 128 9 3 
Yorkshire , ‘ 445 187 155 10 2 


* Includes 5 meetings at Newcastle confined to Students only. 


particularly pleased to record that a higher percentage of Papers than usua 
have been read by Students. 4 
It is hoped that now that the general extension of boundaries ha Si 
become operative corporate members will give a greater measure ofi 
support to the local activities. . 
With the exception of the Edinburgh and District Association, all o 
the Associations have held annual dinners during the past Session and thes 
have been successful and well-attended functions. } 
Overseas Associations.—The Council have to record the formatic ni 
of an Association of The Institution in the West Indies, and their best 
wishes are extended to this new branch. They trust that in spite of the 
long distances separating the members it will be possible to have some¢ 
successful and well-attended meetings. 3: 
The Buenos Aires Association has 90 Corporate Members and 1 27 
Students upon its roll—a slight decrease as compared with last year. 
During the Session six meetings have been held, at one of which Pape 
by three Students were submitted for discussion, and three visits ha 
taken place, including one to Uruguay from the 20th to the 23rd October. 
The annual dinner of the Centre of British Engineering and Transport | 
Institutions was held on the 7th October, the guest of honour being the > 
British Ambassador, Sir Esmond Ovey, K.C.M.G., M.V.0. Awards of f 
the Follett Holt premiums for 1937 have been made to Mr. D. @. 
MacCormack, B.Sc., M. Inst. .E., and to Mr. D. H. Campbell, Stud. Inst. 
C.E. 
The membership of the Malayan Association in October, 1938, was 120, 
compared with 117 for the previous year. Five meetings have been he 
and six visits were paid to engineering works. The annual dinner wai 
held in Singapore on the 15th October, the guest of honour being the Chie 
Justice, the Hon. Mr. P. A. McElwaine, K.C. A premium of $100 b 
been awarded to Mr. J. J. Bryan, B.Sc., Assoc. M. Inst. C.E., for hi ; 
Paper entitled “ An Introduction to the Subject of Soil Mechanics.” 
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| The Shanghai Association has continued to hold meetings jointly with 
he local branches of the Institutions of Mechanical and Electrical Engineers 
and the Engineering Society of China. During the Session four Papers 
were read by members of the Association, and the annual dinner was held 
m Shanghai on the 24th February, when the Association was again 
honoured by the presence of H.M. Ambassador to China. 

_ The report of the Victorian Association for the past Session has not 
yet been received ; that for the year 1937-38 showed that there were then 
84 Members, 48 Associate Members and 4 Students on the Roll of the 
ssociation, and that in addition to the annual general meeting, an annual 
inner and two general meetings were held during the Session. 

- Nominations and Appointments.—The Council nominated Dr. David 
Anderson, B.Sc., to represent The Institution at the Celebration of the 
800th Anniversary of the birth of Professor James Gregory, Professor 
f Mathematics in the University of St. Andrews, 1668-1674, which was 
eld on 5 July, 1938; Mr. W. J. E. Binnie, M.A., to represent The Institu- 
ion at the Engineering Congress in Wellington at the time of the Centenary 
Celebrations of the Foundation of New Zealand, to be held in 1940; and 
fir. W. J. E. Binnie, M.A., and Sir Richard Redmayne, K.C.B., M.Sc., to 
epresent The Institution at the 18th International Geological Congress, 
be held in London from the 31st July to the 8th August, 1940. 
Various other nominations and appointments have been made or 
mewed by the Council during the past year, and The Institution is or has 
sen represented on advisory or administrative bodies and committees 
; detailed in Appendix I to this Report (pp. 166-167). 

- Corporate Members and Publicity.—In response to enquiries made 
is to what latitude may be allowed corporate members generally in 
connexion with publicity, the Council have issued the following three 
pronouncements :— 

1, That it will not be considered to be a breach of the By-laws and 
Regulations governing Professional Conduct for a member to permit 
oe his name to appear with illustrations of works with which he has been 
professionally connected, published as parts of advertisements by 
contractors or manufacturers, but the member is expected to ensure 
| that his name appears in an unobtrusive manner and not in any way 
as suggesting solicitation of professional work. 

-‘-Q That there is no objection to a Corporate Member writing articles 
in the Press under his name describing a completed engineering work 
- orone in course of construction for which he has been or is responsible, 
provided there is no solicitation of professional work contained in the 

article. 

3. That the pronouncement of the Council, dated May 1934, b 
rescinded, namely :— eo 

_ In response to inquirics the Council have ruled : APE 
‘That while no objection would be taken to the appearance of 
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the names of Chartered Civil Engineers on memorial stones 0 
completed works, it would be considered unprofessional for 
names to be exhibited on works in course of construction, ex 
where necessary for the purpose of direction, such as on the door 
of the resident engineer’s office ; 

and that the following pronouncement be substituted :— 
That there is no objection to the appearance of the names of 
Corporate Members on commemorative tablets and stones 0 
completed works, and that a Corporate Member may exhibit hisi 
name on works in course of construction. 


Research.—During the past year the conclusions reached by threes 
committees have been published in Reports entitled “ Recommendation 
in regard to Breathing Apparatus for Use in Sewers”, “ Regulations fon 
Earthing Electrical Installations to Metal Water-Pipes and Water-Mains”, 
and “Code of Practice for the Design and Construction of Reinforced 
Concrete Structures for the Storage of Liquids.” No further research 0 
Breathing Apparatus for Use in Sewers or on the general aspects | 
reinforced-concrete liquid-retaining structures is contemplated at preser 
but, arising out of the latter subject, a new committee has been si 
up to study Bituminous Jointing Materials for Concrete. The Reg 
tions for Earthing are subject to any amendment that may be shown to 
desirable in the course of an extended programme of research on Karthi 
which is now in hand. j 

The researches on Vibrated Concrete, Pile-Driving, Fish-Passe 
- Repeated Stresses in Structural Elements, and Special Cements for Lar 

Dams, are now nearing completion, but those on Wave-Pressures on Seai 
Structures, Simply Supported Steel Bridges, Velocity Formulas, and Ha 
Pressures, have been extended for further periods. The last-named resea 
is receiving technical and financial support from the railway compani 
A 10-year programme of research into the Soil Corrosion of Cem 
Products has been undertaken, and a similar programme for Metals is be 
drawn up. 
Draft British Standard Specifications referred to The Institution 
comment have continued to be examined by the Research Committee. 
“ Notes on Research Publications ” are now issued monthly in duplica { 
ted form, available on application, | 
Sea-Action Committee.—The Seventeenth (Interim) Report of the’ 
Committee on the Deterioration of Structures exposed to Sea-Actic ni 
has been published, The Eighteenth Report, which is now in preparatic n 
will consist of a summary and critical examination by Dr. J. Newton 
Friend of the results of the 15-year tests on iron and steel specimens. 7 
The Committee’s investigations on the deterioration of timber ha 
suffered a set-back, owing to the death of Professor George Barger, F. 
who had for many years carried out the preparation and examinati 
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imber specimens for the Committee. Arrangements are being made for 
the continuance of the work in hand. 
Tests on reinforced-concrete specimens exposed at the Building Re- 
search Station, at Sheerness, and at the Gold Coast are being continued. 
_ London Buildings Acts (Amendment) Bill, 1938-39.—On the report 
f a Special Committee appointed by the Council to examine the provisions 
f this Bill, the Council decided that there were not sufficient grounds, 
either from an engineering or other point of view, to warrant The Institution 
etitioning against any of its provisions. ; 
- L.C.C. Building By-Laws.—The Joint Committee of The Institution 
ie Royal Institute of British Architects, the Chartered Surveyors’ Insti- 
ition, and the Institution of Structural Engineers, which was appointed 
9 examine the London County Council Building By-laws, has, at the 
mest of the County Council, considered draft regulations relating 
the following :—the use of structural steel other than structural steel 
is required and provided for in the Building By-laws; the use of fire 
protection for structural steelwork other than that required by the Building 
3y-laws ; and the use of oxy-acetylene welding instead of riveting, bolting, 
r lapping. A number of suggestions on these subjects have been com- 
municated to the County Council. 
The Committee wish it to be known that they will be glad to have 
ight to their notice any cases of hardship arising under the new Building 
-laws, in order that they may, if considered desirable, make representa- 
ons to the County Council on the subject when the By-laws are reviewed 
1 1941. 
James Alfred Ewing Medal.—The award of the James Alfred Ewing 
dal for 1939 for specially meritorious contributions in the field of 
ineering research has been made to Professor Arnold Hartley Gibson, 
, M. Inst. C.E., on the recommendation of the President and Sir 
William Bragg, President of the Royal Society, following suggestions put 
forward in their personal capacities by the Presidents of the Institutions of 
shanical and Electrical Engineers and Naval Architects. The presen- 
ion was made by Mr. Binnie on the 2nd May. 
Scholarships.— William Lindley Scholarships: of the value of £80 
annum for 3 years have been awarded to Mr. James Harvey 
thick Ivory and Mr, Percy Gordon Spencer to assist them to pursue 
es of engineering study at the University of Cambridge and at King’s 
ge, London (or one of the Northern Universities) respectively ; and a 
am Lindley Scholarship of £80 for 1 year has been awarded to 
Robert Haigh Walker, Stud. Inst. C.E., to assist him to complete 
nal year’s course of engineering study at King’s College, London. 
Dennison Scholarship of £20 per annum for 3 years has been 
Jed to Mr. Richard Gordon Nelson, Stud. Inst. C.E., to assist him to 
ue a course of engineering study at the University of Glasgow. 


les Hawksley Prize.—On the report of the judges (the President 
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of The Institution and the President of the Royal Institute of British 
Architects), the Council have awarded a Charles Hawksley Prize of £156 
to Mr. Donald Henry May, Assoc. M. Inst. C.E., for his design of a grain 
silo, and have honourably mentioned Mr. Arthur James Francis, M.Se.: 
Stud. Inst. C.E., for the merit displayed in his design of a steel high 
bridge. 

Conditions of Contract.—At the request of the Federation of Civi 
Engineering Contractors, the Council have given attention to the practica: 
bility of setting up standard conditions of contract for engineering works) 
and a small committee representative of The Institution, the Federati 
and the Association of Consulting Engineers, under the Chairmanship 02 
the President of The Institution, has been formed to consider this matter: 

International Engineering Congress, Glasgow.—An Internationas 
Engineering Congress was held at Glasgow from the 21st to the 24th Junes 
1938, in which The Institution took part with a number of other engineering 
societies. The Institution was represented at the meetings of the Congress 
by the President (Mr. Donkin) and the Secretary. , 

Annual Dinner and Conversazione.—The Conversazione took place 
on the evening of the 15th June, 1938, when some 2,750 members an 
ladies were present; the Annual Dinner was held on the 23rd Mareh 
when 657 members and guests attended. 

Forthcoming Events.—In August last an invitation was receive 


to be held in New York in September, 1939, during the New York World » 
Fair. The Council had much pleasure in accepting this invitation om 


behalf of The Institution, and an interesting programme of meetings anc 


visits is being arranged. At the conclusion of the New York meeting 
a visit will be paid to Washington, followed by a brief tour of eas 5 
Canada, the party returning from Montreal or Quebec as preferred. Til 
is hoped that as many members as possible will take this opportunity ‘ 
meet American and Canadian engineers and to discuss problems of mutuas 
interest. ‘ 

A Summer Meeting of The Institution will be held at Birmingham from 
the 6th to the 8th July next. The meeting, which is being organized i! 
conjunction with the Committee of the Birmingham and District Associa+ 
tion, will be the first meeting of The Institution to be held in that city; 
On the 7th July there will be a short technical session, at which Papers | 1 


Inst. C.E., will be read, and on the evening of that day there will be a ¢ 7 : 
reception at the Council House by the Lord Mayor of Birmingham. The 
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Duchess of Kent. The presence of ladies at the meeting will be welcomed 
and a good attendance of members and Students is anticipated. 

~ The Council will promote a conference on Engineering Education and 
[raining during the course of next Session. An invitation has been issued 
to universities and bodies interested in this subject to appoint representa- 
fives on a general committee to organize the conference. 

_ Accounts.—The Accounts for the year ending 3lst March, 1939, 
which have been duly audited, are detailed in Appendix IT of this Report 
(pp. 168 et seq.), and may be summarized briefly as follows :— 


The Total Income for the year amounted to 3 ~ sAT AIT 
(as compared with £44,056 last year) including £346 
for Income Tax recovered. Subscriptions,Entrance 
and Examinations fees totalled £45,336 (as com- 
pared with £42,296 last year) and Dividends and 
Interest received amounted to £1,208 (as compared 
with £1,390 last year). 

The Total Expenditure charged against the year’s Income 

amounted to . Fi eS ; F : 

(as compared with £45,718 last year) including 

Provisions of £14,600 (viz. £12,000 for Publications 

— Account and £2,600 for Research Reserve). 

he Revenue Account therefore results in a credit balance 

OF x ' ‘ : : ; ‘ : 

from which has been deducted the debit balance 

of £1,049 brought forward from last year, resulting 

in a final credit balance of £281 as shown on the 
Balance Sheet. 


The actual expenditure during the year on “ Publications Account ” 
amounted to £16,295 (compared with £19,493 last year), of which £10,704 
presented the cost of the Journal. This expenditure was relieved by 
dits for advertisements, sales, etc., of £5,182 (against £4,650 last year), 
ing the net expenditure for the year at £11,113 (compared with £14,843). 
s amount was £887 less than the £12,000 provision, and the overspent 
balance of £8,923 brought forward from last year has thus been reduced 
6 £8,036. The latter figure falls to be liquidated in the future. - 
' The Research Reserve credit balance has increased by £1,097 during 
year, viz. from £1,865 to £2,962. The expenditure incurred amounted 
063 whereas the credits (made up of the appropriation from Revenue 
nt of £2,600, and contributions by outside bodies of £1,560) totalled 
The Repairs and Renewals Reserve credit balance has been reduced — 
5 during the year, viz. from £5,216 to £5,211. E 


£45,787 


£1,330 


Zz 


23) and the expenditure amounted to £1,048 (£996). 


~* 


On Trust Funds Income Account there was received a total of £124) Za 
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Contributions amounting to £25 (£627) were received from Home andc 
Overseas Harbour and Dock Authorities towards the cost of the researehf 
into the Deterioration of Structures exposed to Sea Action. (The reductio 
in the year’s contributions is due to the termination of the period fe 
which the yearly subscriptions were originally granted.) The expendi 
ture during the year was £691 (£537). 

Library.—During the year 865 volumes were presented to the Libraryy 
and 188 were purchased, making a total, on the 3lst March, 1939, off 
64,182. " 
The number of applications received for books on loan was 2,148 

an increase of 101 on the previous year. At the end of 1938, a Supplement 
was published to the 1935 Loan Library Catalogue, and there is a steady) 
demand for this and for the original Catalogue. 

Opportunity was taken during the Session to clear the Main Libra y 
shelves, which were becoming congested, and in the result some 2,06 
volumes were transferred to new shelving in the Basement and Lowe: 
Ground Floor book stores. The Council authorized the removal, from ti 
Library, of some 2,000 items which were not of engineering interest, 
and these have been duly deleted from the Catalogue. 

For the benefit of members wishing to have access to the joint libre 
of the Iron and Steel Institute and the Institute of Metals, an interchang 
of library facilities has been arranged between The Institution and thes 
bodies. 

Gifts.—Mr. S. B. Donkin, President 1937-38, has presented to 
Institution his portrait, by Francis Dodd, R.A. The Council have als 

_ accepted a framed Certificate of Membership of J. G. Lynde, dated 18 44 
grandfather of the late G. G. Lynde, Member, which had been presented b 
Mrs. Lynde, and two rare pamphlets by John Smeaton, F.R.8., presented 
by Mr. W. T. Halcrow, Member. 

Examinations.—The number of candidates presenting themselves fe 
the October, 1938, examinations was 457, namely, 66 for the Preliminas 
Examination and 391 for the Associate Membership Examination. 
entries for the April, 1939, examinations were 137 for the Preliminary, 
Examination and 644 for the Associate Membership Examination. 

Bayliss Prizes of the value of £15 have been awarded to Mr. Eric Cardale: 
Whitaker, Assoc. M. Inst. C.E., and to Mr. Colin Bruce Hornig, Stud. In 1 
C.E., in respect of Sections A and B of the Associate Membership Examina 
tion for April and October, 1938, respectively, and Mr. Kuppuswa t 

Subrahmanyan, B.E., Assoc. M. Inst. 0.E., has received honourable mention 
in connexion with the former examination. 

Elections, Transfers, and Admissions.—The number of candidates 
has been again very large. 542 new Proposals for Election have beer 
received during the year and 162 postponed from previous Sessions— 
mainly pending compliance by the candidates with the Examination 
requirements—were brought forward for final consideration, making a 
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otal of 704 applications dealt with by the Council. 112 recommendations 
for the Transfer of Associate Members to the class of Members have also 
been considered and 566 new Students were admitted. 

_ The Roll—The Roll of The Institution on the 31st March, 1939, 


50 od at 12,613, the changes which took place during the year ended on that 


da te being shown in the following Table :— 


1 April, 1937, to 31 March, 1938. 


1 April, 1988, to 31 March, 1939. 


q = oe S&S 2 — 3S 
25 F e'5 : 3 Totals. ee 2 ee 3 3 Totals. 
ma) a |<a| 4 | a as|s 45/2] 2 
\ 17 |2288!7199| 57 |2187| 11,748] 19 |2286|7349| 54 |2433] 12,141 
85] 85] .. 101 101 
Fes) aS Ae ae 17| 408} 3} .. ||. 
.. | .. | 672) $4940 ar tleoe 581] 7") 093 
pi Maal oy 1 mo. 6 Pay 
2) 64+-61| 3 3 65| 59] . 4 
26| 29] 2 9 21| 45] 2 9 
re ne a es 2} 13) 1! 16 
1 ' 
177| ).— 647 . | 193) \— 551 
116 115 
Yee 3 oe Pees eae 3 
mply 2 nm 
ies + 393 + 472 
19 |2286|7349| 54 |2433| 12,141] 19 |2322/7543| 54 |2675| 12,613 


srmination 


| The Roll at this date is 12,664. 

‘During the year the elections comprised 17 Members, 408 Associate 
mbers, and 3 Associates; 581 candidates were admitted as Students, 
the names of 7 Members, 6 Associate Members, and 1 Student were 
red to the Roll. From this addition of 1,023 must be deducted the 
hs, resignations, erasures, over-age Students, and the Students elected 
iate Members, amounting to 551 in all, showing a net increase of — 
101 Associate Members have been transferred to the class of full 


_ Ponsonby Blennerhassett (z. 1906); William Boby (z. 1889); Charles Bot 
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The Council record with especial regret the deaths of Sir John Purser 
Griffith, M.A.I., and Sir Basil Mott, Bart., C.B., F.R.S., Past-Presidents § 
Alexander Newlands, C.B.E., Member of Council; Sir John Fran i 
Cleverton Snell, G.B.E., former Vice-President ; Sir Albert Ashley Biggs: 
Claude Charles Carpenter, C.B.E., D.Sc., Sir Henry Fowler, K.B.E., D.Se 
LL.D., and Edward John Way, former Members of Council. 

The full list of deaths is as follows (Z. refers to election, T to transfe 


and A. to admission) :— 


Dratus.— Members (65).—Frederick Adams (£. 1892. 7. 1903); George Samue 
Burt Andrews (z. 1894. 7. 1905); John Ashurst (2. 1936); Arthur Charles Aude 
(2. 1891. 7. 1913); Howard Walter Basden-Smith (z. 1920); Sir Albert As es 
Biggs (z. 1900. 7. 1910) (former Member of Council); Frederick Bluett (2. 1887) 
7. 1903) ; Hubert Francis Toriano Bode (z. 1893. 7. 1916); Edward Box (2. 1896i 
r. 1908); Col. Francis Boynton, R.E. (z. 1884. 7. 1893) ; Professor William Hubei 
Burr (z. 1893); Edward Kynaston Burstal (z. 1876. 7. 1881); Charles Claudd 
Carpenter, C.B.E., D.Sc. (z. 1886. 7. 1896) (former Member of Council) ; Herbe 
Turlay Chapman (z. 1918); Henry William Clothier (z. 1898. 7. 1937); Johm 
Cormack Craig, O0.B.E., D.S.O. (z. 1935) ; Sir Philip Dawson, M.P. (2.1894. 7. 190 ) ) 
Lawrence Ennis, C.M.G., 0.B.E. (z. 1933) ; Edmund Alderson Sandford Fawcett, C-Bi 
(2. 18938. 7. 1904); John Ferguson (z. 1892. 7. 1902); Alfred Fidler (z. 1893) 
7.1905); Sir Henry Fowler, K.B.E., D.Sc., LL.D. (z. 1896. 7. 1918) (former Memb 
of Council); John Gass (z. 1904); William Gilbert (z. 1893. 7. 1903); Riyosake 
Godai (Zz. 1885. 7. 1920); Charles Henry Godfrey (z. 1899. 7. 1914); ute 
Abraham Goodwin (z. 1880. 7. 1893); Sir John Purser Griffith, M.A.I. (4. 
7. 1883) (Past-President); Geoffrey Harnett Harrisson, C.M.G., D.S.O. (2. 
7. 1918); Vincent Hart, C.S.I. (2. 1907. 7. 1936); David Hay (#. 1892. 7. 189) )) 
Henry James Shedlock Heather, B.A. (z. 1892. 7. 1905); Hon. Philip Henderson 
(2. 1911. 7. 1919); David William Herbert (2. 1893. 7. 1905); Charles Hugh} 
Higson (z. 1901) ; Henry George Humby (z. 1881. 7. 1891); James Howden Huma 
(z. 1930) ; Sir Herbert Henry Humphries, C.B.E. (#. 1920); Archibald Jack, 0.B3 
C.M.G., C.B.E. (z. 1920); Maurice Harry King, B.Sc. (2. 1920. 7. 1929); Henrw 
Angley Lewis-Dale, C.B.E. (2.1902. 7.1920) ; Professor Henry Louis, M.A. (z. 1907) 
Gerald Gascoigne Lynde (z. 1899. 7. 1914); Robert Macalister (z. 1881. 7. 18 
William Thomas Bartholomew McCormack (z. 1920); Alexander Pile Macde 
(z. 1919); William Morris Mordey (#. 1904); Sir Basil Mott, Bart,. C.B., F. 
(2. 1895) (Past-President) ; Alexander Newlands, C.B.E. (z. 1895. 7. 1912) (Mi 
of Council) ; James Just Niven (z. 1902. 7. 1914); John Henry Parkin (z. 1 
7. 1918) ; Evan Parry, B.Sc. (z.1910. 7.1919); Donald Paterson (#.1910. 7.19 
Charles Blois Pooley, C.I.E. (#, 1931); Henry Augustus Ratcliff (2. 1933); Ro 
Ridgway (#. 1922) ; Henry John Rofe, M.A. (z. 1908) ; John Severs (z.1913. 7. 19) 
Percy Philip Oscar Smith (x. 1908. 7. 1927); Sir John Francis Cleverton Sr 
G.B.E. (2. 1895. 7. 1903) (former Vice-President); David Alan Stevenson, B.S 
F.R.S.E. (#. 1884. 7. 1886); John Alfred Vaughan (z£. 1908); Edward John Way 
(x, 1901. 7, 1908) (former Member of Council); Sir George Whitehouse, K.O.Bf 
(z. ee ‘ ae prbal George Beck Wilkinson (z. 1905). ‘7 

8soci embers (59).—Matthew Atkinson Adam, B.Se. (z. 1 ; Horace 
Allen (z. 1884) ; George William Anderson (z, 1892); Arthur rive setae LAL 
(2. 1893); Ronald Baird, B.Sc. (2. 1934) ; Charles John Seymour Baker (z. 18 
Perey Baylis (z. 1884); John Morton Billing, B.Sc. (2. 1928); Richard Fra’ 


i8tT 
190 
8 


(E. 1896); William Dugald Camphell (z. 1875); Henr \g 
Jesse Fairfield Carpenter (z. 1889) ; Reginald Bred Cole, Le tone ‘ 
William Daniel Cook (#. 1928) ; Charles Edward Davenport (z. 1890); J oseph Dray 
(z. 1908) ; John Dobie Halliday Dymock, B.Sc. (z. 1911); Sydney Firth (z, 188 
Ebenezer Fraser (#, 1905) ; Howard Goodfellow (z. 1907) ; Francis Green (z. 19 
Carl Thomas Alfred Hanssen (Zz. 1900); Charles Nelson Hefford, M.Sc. (2. 19 
William Halcot Hingston (#. 1909) ; Arthur Fayrer Hosken (z. 1895); Ronald ] 
(2. 1931); Edward Henry James (z. 1913); Ernest Katzenstein (#. 1900); Leonaro 
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eeper, B.E. (z. 1908); Duncan Mackenzie Mactavish, B.Sc. (£. 1931); The Right 
don. Lord Marks of Woolwich, C.B.E. (z. 1884) ; James Meldrun (z. 1897); Joseph 
lulgrew (#. 1928) ; Birra Venkatareddy Narayana Rao (z. 1932) ; Florence O’ Driscoll 
2, 1887); Thomas Partington (z. 1885); Arthur Peirce (z. 1896); Henry Vivian 
jendie Phelips (z. 1886) ; William Marshall Philip (z. 1888); Sidney John Powell 
900); William Edward Price (z. 1891) ; Thomas Noble Ritson (z. 1885); Frank 
Round (z. 1910); William Colin Russell (z. 1908); George Minard Seels (z. 1912) ; 
oharrem Sabet Sidahmed, B.Sc. (z. 1924); Walter Strapp (2. 1885); Sidney Mark 
eorge Teal (z. 1915) ; Arthur Noel Thorpe (z. 1904) ; William Henry Todd (z. 1890) ; 
yhn Herbert Veasey (z. 1921); Robert Arthur Waddell (z. 1915); James Arthur 
‘atts (z, 1905); Ernest Frederick Welch (z. 1880); Sir Robert Williams, Bart. 
887); Dudley Yorke (z. 1928) ; Jules Dent Young (2. 1882). 

Students (4).—Clifford Albert Burmister (4. 1937); Norman Herbert Dick, B.Sc. 
. 1935); Donald Crane Howard (4. 1938); Stewart Webb, B.Sc. (4. 1932). 


The following resignations have been received :— 


Members (21).—William Percy Appleford (#. 1925); Frederick Grant Brighton 
904. 7. 1924); Thomas Edward Burrows (#. 1902) (since reinstated) ; Henry 
alph Crabb (z, 1905. 7. 1923); Sir John Egan Eaglesome, K.C.M.G. (z. 1910) ; 
ancis Douglas Fox, M.A. (z. 1893. 7. 1902); Patrick Henry Holland, B.E. 
1915. 7. 1933); George Kermode, M.C.E. (2. 1899. 7. 1913); Richard Priestley 
ence (Zz. 1899. 7. 1909); Robert William Menmuir (#. 1899. 7. 1916); Philip 
jamin Osborn (z. 1911) ; Harold Gordon Peake, B.Sc. (z. 1916. 7. 1931) ; Herbert 
Bingham Powell, O.B.E. (z. 1904. 7. 1914) ; William Murray Pullar, B.C.E. 
14. 7. 1926); Herbert Martin Setchell (z. 1925); George Malcolm Roslin 
ir (z. 1925); Henry Joseph Trivess Smith, C.B.E. (z. 1907. 7. 1913) ; George 
ock (z. 1907. 7. 1932); Lionel Perey Duncuft Taylor, O.B.E. (z. 1911) (since 
stated) ; Edward Gentry Timbrell, B.Sc. (z. 1921. 7. 1934) ; Richard Fitzarthur 
ler (z. 1896. 7. 1927). 
Associate Members (45).—James Armitage, M.A. (2. 1929) ; James Arthur Ernest 
(z. 1919) ; Robert Brown (z. 1906) ; Harry Clegg (z. 1900) ; Ivor Parry Davies 
913); Alfred Ernest Drown (#. 1903); Marmaduke Stephen Duffitt (z. 1912) ; 
William Eller (z. 1918) ; Samuel Mark Folk (z. 1904) ; Stephen Glennie (z. 1912) ; 
Herman Gordon, B.A. (1914); Richard Frederick Hartley, B.Sc. (Zz. 1904) ; 
d Bryning Hewlett, B.Sc. (z. 1911); Pao-chang Ho, B.Sc. (z. 1916); Percy 
as Hooper (Z. 1899) ; Rutherford Vincent Theodore Hoskings (z. 1929) ; George 
Lafayette Hunter (z. 1917) ; John Liversidge Jeffree (z. 1929) ; John Norman 
we (z. 1908); George Bertram Leach (2. 1913); Charles Fergusson Nash Leahy 
(912) ; Christopher Henry Linnell (2. 1911); Arthur Burrow Linscott (z. 1902) ; 
Reep Lintern, M.Sc. (#. 1927); Duncan Alexander MacDougall (z. 1905) ; 
Rowland Jones McLean (z. 1901); John McNair (z. 1919) ; Arthur Ernest 
es (Z. 1893) ; Sir James Milne, K.C.V.O., C.S.I., B.Sc. (z. 1908) ; Cyril Pearce 
924); William Pearce (z. 1916) ; George Edward Luther Poulden (z. 1897) ; 
mest Cecil Pound, B.Sc. (z. 1931); William Frederick Roger Reynolds (2. 1917) ; 
fred John Robinson, B.Sc. (z. 1932); Douglas Albert Neville Sandifer, B.Sc. 
928); Chauncey Hugh Sumner (2. 1907) ; Cyril Douglas Kidd Sutton, B.Sc. 
1); John Edward Oakes Thompson (2. 1894) ; John Sherwood Todd (z. 1906) ; 
Alfred Weiss (z. 1921); Bertram Arthur Whittle (z. 1909) ; William Garrick 
rt, B.Sc. (z. 1920); Reginald Wissenden (2. 1892) ; Frederick George Wolsten- 
ne (Z. 1906). - 
eS ates Oy Brood Major Francis Vivian Lister, O.B.E. (2.1911) ; Rai Bahadur 
mal Raja (z. 1931). , : 
Jiudents (9).—Michael Vivian Duncan Braine (4. 1936); Francis Stanley Burt 
1937); Denis Frank Day (4. 1932) ; Shankar Vasudeo Desai, B.E. (4. 1933) ; 
Stanley Hall, B.Sc. (4. 1937) ; William Robert Cameron Houston (4. 1937) ; 
ney Cecil Hoxey (4. 1932); John Leonard Mitchell Ransford, B.Sc. (4. 1936); 


Francis Young (4. 1928). 


i 
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APPENDIX I 
Royal Commission for Exhibition of 1851 ; The President. 
Grant Committee of the Royal Society The President. 


Sir Alexander Gibb, G.BEE 


: .B., LL.D., F.B.S. 
General Board of National Physical Laboratory din: Richar a a: SR edmsa fic 


B., M.Se. 

Department of Scientific and Industrial Research :— : 
Committee on Testing Work for the Building In- \y,, president (oe hia Deput q 
dustry 
Medhacexact Board, Army Council W. G. Wilson, C.M.G., B.A. 


O. R. H. Bury. on 

Advisory Panel on Transport (Ministry of Trans- Col. a ‘eo B. Crompton, “q 
port) LJ. y Saner. ; 
Home Office Sub-Committee on Air Raid Precau- Sir Leopold H. Savile, K.C.B 
tions ; “= 
Science Museum Advisory Council, Board of \ Professor C. E. Inglis, O.B.E 
Education M.A., LL.D., F.R.S. 
Professor C. E. Inglis, O.B.E% 

M.A., LL.D., F.R.S. 


Engineering Joint Examinations Board R. E. Stradling, C.B., 

; D.Sc., Ph.D. 
Court of the University of Bristol Raymond Carpmael, 0.B.E 
Court of the University of Liverpool Thomas es O.B.E. 


Court of the University of Sheffield a ene . Ellis, G.BEY 


Governing Body of the Imperial College of Science \ Sir George W. Humphreys 
and Technology K.B 

Council of the City and Guilds of London Institute The Poet 

City and Guilds Fellowship Selection Committee E.G. Walker, B.Sc. 


Court of University College, Southampton ‘ a Vue Bae BE 


Governing Body of the School of Metalliferous 
naw heal 13. @. Lawn, C.B.E. 
Thomason College, Roorkee, Advisory Council Gerald Lacey, B.Sc. ] 
Sir Richard A. 8. Redmayne 
K.C.B., M.Sc. ; 
Old Centralians Committee on Memorial to Dr. W.< Sir Charles L. Morgan, C.B.E4 
C. Unwin D.Eng. 
The Secretary. 
Engineering Joint Council pon Eve: ay LL.D. B& 
Sir Clement D. M. Hin 
ARN 5 : : : K.C.1LE., M.A. 
Engineering Public Relations Committee Sir Leopold H. Savile, K« 31 
(Deputy). 
: : é ae W. A. Tookey. 
Diesel Engine Users’ Association H. R. Ricardo, B.A., FR: 8. 
Council of the London Society T. H. Bailey. 
Governing Body of the Denning Trust A. E. Cornewall-Walker. 
Tribunal of Appeal, London Building Act, 1930 sy oo R. 8. Kalperea 
Joint Committee on Materials and their Testing H. Stanger. ; 
Research Committee on High Duty Cast Irons of the 
Institution of Mechanical Engineers ern Gilbert Cook. 
_ Welding Research Committee Ralph Freeman. 
Alloys and Iron Research Committee of the Institu-)\ Sir Robert A. Hadfield, ; Bt. 
tion of Mechanical Engineers D.S8c., D.Met., F.B.S. | 
e il 
= f 
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it ae te Sir Robert A. Hadfield, Bt., 

2 _ British Cast Iron Research Association { DSc., D.Met., F.B.S. 

__ Permanent Commission of International Navigation \ Sir Cyril R. 8. Kirkpatrick. 

_ Congresses N. G. Gedye, O.B.E., B.Sc. 

a Sir Richard A. S. Redmayne, 
- General Organizing Committee, 18th International K.C.B., M.Sc. 

Geological Congress, 1940 The President or his Deputy (ex 


pa ; officio). 
a Professor J. F. Baker, M.A., 
Va D.Sc. 
# Professor CC. Batho, D.Sc., 


=. : ath ; B.Eng. 
_ Joint Committee of The Institution and the Insti- } H. P. Budgen, Ph.D., M.Sc. 


tution of Structural Engineers on Code of ‘gn Ralph Freeman 


B. L. Hurst. 
Professor A. J. S. Pippard, 

M.B.E., D.Sc. 

J. D. Vaughan, M.Sc. 

_ Joint Committee on Co-operation between Overseas | Sir Clement D. M. Hindley, 
Members of E.J.C. Institutions K.C.1.E., M.A. 
a en of Scientific Libraries and Information ele ate tase eae 
ne ener M.C., as Deputy. 
ae 
| “National Service : Central Register, Advisory Council 8, B. Donkin. 
' National Service: Central Register, General En- f{S. B. Donkin. 
gineering Committee The Secretary. 
- World Power Conference British National Com- s E Deukia 
| mittee 4 GED : 
x 2 World Power Conference International Sub-Com- Wied Halcrow. 
- __ mittee on Special Cements 
_ International ; Electrotechnical Commission on TV hobineon. 
Steam Turbines & ees 
International Electrotechnical Commission Advisory 
Committee on Internal-Combustion Engines HRN S36 


for Structural Steelwork 


. 


The Institution is represented as follows on Councils of the British Standards 
Institution :— 
Sir Cyril R. S. Kirkpatrick. 
Sir Clement D. M. Hindley, 
_ Engineering Divisional Council ie ee eee 

3 J. R. Davidson, C.M.G., M.Sc. 


Fi and has also representatives on numerous Committees, Sub-Committees, and Panels. 
Main Committee of the Canadian Engineering Stan- \yy 4, Vaughan. 
dards Association i 
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APPE N 
BALANCE SHEET 
. Cee eds £ d, 
~ ‘To Instrrution Carrrat Account AND BurLprine Fonp, - 
as perlastaccount . . . + + 2 « «= ne 416,323 16 1 
MECEEDITORS s «+ «, 0 ; ‘ <3 3,551 11 0 1 
,, REPAIRS AND RENEWALS ee as detailed on ;, 
pages 170and 171 . . . a 5,211 15 
, RESEARCH RESERVE, as detailed on pages 1 76 aa 17 ’ 2,962 10 
, W.A. P. Tarr Leaacy, perlast Account. . . . 173 bear | 
Less Expenditure on Memorial Panel . . . 75 0 0 


, Sza-Action CommittEE Account, as detailed on 
pages 176and 177 . . . . eo tghann =: 1,391 


,, TRUST FunpDs, CAPITAL AND INCOME Aedotwee 
Capital Accounts, as detailed on oe 174 and 


175, invested per contra . . . 38,017 6 3 
Income Accounts—Balances a A fae? 
detailed on pages _176 and 177 «jw Cw CeCe: 2, 959 15 10 
—————— _ 40,977 


,, INSTITUTION REVENUE IN SUSPENSE— 


Proportion of 1939 Subscriptions received applic- 
able to the nine months from Ist amet to 31st 


December, 1989 . . . 15,526 6 10 
Subscriptions received in advance. . . . . 9413 7 
15,621 
pA 
= 
; £486,137 6 4 


We have audited the above Balance Sheet dated 31st March, 1939, and hav 


is properly drawn up so as to exhibit a true and correct f t ea 
shown by the books of The Institution. view 0 he state of The I 


London, 28th April, 1939. 
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os ‘By Expenpirurze on Institution Burtpine, 1- 
ym CLUDING Cost oF SITE, as per last account . . aa 375,767 16 10 


-- By Instirution Investments (including those held in respect of 
= Repairs and Renewals Reserve) at or under cost, as detailed on 

GEERT LEGS 9 OIG «Ea aE a es 

Note.—The value of these Investments at ruling prices on 31st 
March, 1939, amounted approximately to £42,998. 


50,294 0 4 


a 


WASINAGEDARICMME Ech cs we wee eee a 98 3 7 


- ,, Sna-Action ComMITTEE AccoUNT— 

- Goahtatebank? were ee ns. ee gue ao oO 19k 

£1,200 34% War Stock at cost. . . . . . 1,160 SF 0) 
oO eee 


i 
oa ;, [Rust FunpDs INVESTMENTS, ETC.— 
~ Capital :— 

Investments, as detailed on pages 

IVE NCH RIVES. a eB Oe cre UIE 
Cash at Bank Se a Se acts 2 


bo 


3 
0 

38,017 6 3 
Unexpended Income :— 

Investments, as detailed on page 175 214 8 2 

Cash at Bank— 


On Deposit a/e. . 2,500 0 0 
5, Currenta/e . . 245 V7 78 


8 

2,959 15 10 
= —_——_—— 40,977 2 1 
SOE TORS me nn ca ei) eichy eh Ony ey os ty BRE) 2 


Casu at BANK AND IN Hanp— Z 
Current Accounts... . - . . . «. 49411271 
TR UCeee ee Nn d Qui i ein ttre Loael 2/11 
e. 5 Ses. 070 oO 
___,, Revenuzr Account— 
{ Publications Revenue Account— 
Balance overspent to date, per page 170. =. 8,036 2 2 
Less General Revenue Account 
surplus, viz., Surplus for 
year to date per account . £1,330 2 0 
Less Deficit at 31st March, 
ae on, 1,048 12 1 


1938 
—— 281 9 11 
——_——— 17,764 12 3 


£486,137 6 4 


KH. Grawam Crark, Secretary. 


fo ation and explanations we have required. In our opinion such Balance Sheet 
ording to the best of our information and the explanations given to us, and as 


ALAN Rak SMITH GP 
E. W. Monxuovss, M. Inst. C.E. \ AUDITORS. Sie on 


170 REPORT OF THE COUNCIL. $ 


' 
RESERVE FOR REPAIRS AND RENEWALS TO 


8s. aa 
To Ner EXPENDITURE DURING THE YEAR. ...... . . 4IJ,199 2 1” 


4 
Balamomecarried down . 6 4 es ee 8 ee ee 


£6,410 17 11 


a a i lO ct AO RC a a Ber 


a tp tt 


PUBLICATIONS 
£ 8s UG: £. 3m 
To Batancos, per last accownt Aah WOE OC Or ce 8,922 15 0 
», EXPENDITURE DURING THE YEAR— 
Journal . oy ws Sitio Ao en Oa on ae 
Students’ Journal il ote, atteecat « tat 88.0 6 
Subject Index . . ey 104 3 0 
Charters, By-laws and Lists of Members: ale 721 8 6 
Engineering oa Se om « » + 1,064 16 10 
Reports, ete. 3 any ee ss 104 14 4 
Salaries, Clerical | Pay and " Pensions 
Speman lor ea Vi, Ae ee eh AND 16. 
ECQUULE cr i eee oon [oe AMD (8) 
Mamaie =i. voc fin ae Whee 84.19 8 
16,295 17 3 
Less Credits for ees, sie 
Contributions, etc. . mie 5,182 10 1 
11,1138..7 2 
£20,086 2 2 


To Baanon brought down, as per Balance Sheet, page l69 . . . . £8,036 2 2 
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STRUCTURE, FURNITURE, FITTINGS AND MACHINERY. 


a 


By Baancg, per last account .*. 1. . .. Cah roses Aa 10 " 
-,, INSTITUTION RevenvE Account—Amount eordel for the year— 

a EI DOCTLI 2) te ire ea tes yi ie ees Mee er EU) Q.. O 
oe ENTRRESTLONALNY USTMENTS gop ers Segre, oe iaoh ee ie e-eagey ae 178 14 3 
PENCOMM TAX REBUNDED 4-46 0 a ye ne ee ee 15°13; 0 


£6,410 17 11 


B yy BaLAnce brought down, as per Balance Sheet, page 168 . . . . £5,211 15 10 


REVENUE ACCOUNT. 


: £ 3. d, 
3B af INSTITUTION REVENUE peencancn ees eae for the year— 12,000 0 0 


perpage 172 « § . .«-. =. + Be taste. | re) a 


| », BALANCE carried down ene Excess of net Up ae over 


Provision). - - + aero, eC eer 6.080 2 2 


£20,086 2 2 
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1937-38 


£ To HovusE AND ESTABLISHMENT CHARGES— 


2,329 


> 


12,000 


” 


2,600 


2 


1,499 


3,723 
1,412 ,, 


” 


” 


1,376 


9? 


” 


171 


”? 


433 
LTD 


— 


£45,718 


——— 


EXPENDITURE. 
eee 
Rates, Health, Unemployment and other Insurances 6,462 8 3 
Electric Lighting and Power, Water- he 2 a Warm- 

ing, Ventilating and Telephone . : . 723 14 9 
Cleaning and Household Expenses. . 888 18 2 
Refreshments and Assistance at Meetings 


REPAIRS AND RENEWALS RESERVE— 
Amount provided for the year, per page 171 . 
Savaries, WAGES AND RetrriInc ALLOWANCES— 


Salaries 2,116 18 0 
Retiring Allowances . 1,605 0 0 
Clerks and Messengers 5,838 15 2 
PREMIUMS ON POLICIES FOR STAFF PENSIONS— 
Portion paid by The Institution : 
STATIONERY, PosTaGEs, ETC.— 
Stationery and Printing Par: gee 1,231 19 2 
Postages, Telegrams and Paros... s » 2. « —= L030 aes 0a 
PuBLications AccouNnT— 
Amount provided for the year, per page 171 . 
ReEsEARCH RESERVE— 
Amount provided for the year, per page 177. 
LIBRARY— 
Books and Periodicals . 418 18 4 
Binding . . x os.) Lb Sree 
Clerical Pay, Pensions Premiums an Assistance Rte She) 
EXAMINATION ExPENSES— 
Examiners, Printing and General . 1,877 14 8 
Salaries, Clerical Pay and Pensions Premiums 1,725 18 4 
Postages . 122 16 8 
CONVERSAZIONE AND ANNUAL DINNER . 
DreLomas 5 : 
LocaL AssocraTroNs— 
Grants to Local Associations, etc. . 
CONTRIBUTIONS TOWARDS ADVISORY CoMMITTEES IN 
THE DOMINIONS ee 
GRANTS AND CONTRIBUTIONS— 
Engineering Public Relations Fund 101 3 6 
British Standards Institution . 50: O30 
Engineering Joint Council . 1210 0 
Westminster Hospital 10 10 0 
World Power Conference 21. 0 0 
Parliamentary Science Committee. 10 10 0 
Institution of Automobile Engineers Joint Meeting - 5 0 0 
LEGAL AND OTHER PROFESSIONAL CHARGES— 
Legal Charges ne er ee 134 1 10 
Audit Fee. 183 15 0 
Engineers’ Charges 5 5 0 


TRAVELLING EXPENSES TO COMMITTEES . 
OrHER TRAVELLING EXPENSEs . 
Giascow CONGRESS . 

INTEREST ON LOANS. 

MermoriaL SERVICES Appresss, ETC. 
CORONATION EXPENSES . 


Baanon, Berna Excess or Income over ExpeEnpt- 
TURE FOR THE YEAR AS PER BALANCE SHEET, page 169 .. 


= ¥ 
SS 
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OM isr APRIL, 1938, TO 3lsr MARCH, 1939. 

EZ INCOME. 4987-88 
cous, a: fared: £ 


SUBSORIPTIONS RECEIVED APPLICABLE TO THE TINAN- 
_ CIAL maT OSS=VOS9o he See fe eas hs 34,945 14 9 33,713 


a. 


DUPMRNS ee Gt. 4 ee kt 6 ene ; 6,426 10 0 5,006 
Me COMPOSITION. . .°. . «+ « © « « F 200 0 O = 


Interest, DIVIDENDS, ETCO.— 


On Institution Investments . . . . . . . 1,200,18—3 
On GHrrenueACCOUNb. wy yeh “hella een t BE APF AY) 

Income Tax refunded for the year 1937-8 . . . 345 17 Il 

se: penance Oe sot Gee Pri 


Examrnation FEES FOR THE OCTOBER, 1938, AND 
@Aprit, 1939, EXAMINATIONS . : . .. . < 3,963 10 0 3,577 


[BRARY FuND Donations MC ae kia ee ¥ oT res 68 


(CH, BEING EXcESS OF EXPENDITURE OVER 


Income ror THE YEAR... . et Nh 


pee i” : : £47,117 8 3 45,718 


————ae 
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Carried forward . 


Investments. 
Capital i; 
Accounts. Capital 
£ Bue de £ 8. d. 
8,038 9 4 | TELForD Funp. 
£8,738 13s. Od. 24% Consols 7,988 9 4 
£50 16s. 1ld. 34% War Loan . 50 0 0 
270 O O | Mansy Donation. 
£250 London & North-Eastern 
Railway ae 2nd ops rao 
: Stock . . 270 0 0 
6,337 12 4 | Mr~ier Founp. 
£5,129 17s. 5d. 24% Consols 4,850 2 4 
£1,513 15s. 9d. 34% War Loan. 1,487 10 0 
500 0 O | Howarp BrEQusEst. 
£352 11s. 5d. 24% Consols . . ; 
Cost of Medal Die . . . . } ae ea 
600 0 O | TrevrrHick MEmorRIAL. 
£103 24% Consols . . 100 0 0 
£506 5s. 7d. 34% Conversion Loan 
1961.~ .  « 500 0 0 
540 0 O | CrampTron BrQusst. 
£512 15s. 11d. 24% Consols. 500 0 0 
£40 13s. 7d. 34% War Loan ‘ 40 0 0 
1,234 14 0 | James Forrest LectuRE AnD MEDAL 
Funp. 
£465 Southern Railway 4% Deben- 
ture Stock . A 604 14 0 
£667 5s. 8d. 34% ‘War Loan 630 0 0 
1,647 10 10 | Patmer ScHOLARSHIP. 
£1,650 10s. Od. 3% rope 
Stock, 1986-1996 . . < 1,547 10 10 
£100 9s. 8d. 34% War Loan 100 0 0 
1,080 0 0 | Jonn Baytiss BEQusst. 
£1,013 17s. 10d. London os 
f 3%, Stock, 1920 . 1,000 0 0 
£80 7s. 10d. 34% War Loan 80 0 0 
1,318 11 8 | Tur Inpran Funp. 
£1,353 48, 2d. 24% Consols. . 1,148 11 8 
£171 138. 3d. 34% War Loan . 170 0 0 
1,000 0 0 | VeRNon-Harcourt Brquzst. 
£1,082 9s. 10d. London amet 3% 
Stock, 1920 . 1,000 0 0 
22,566 18 2 


22,566 18 2| 
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3 Investments. 
- Capital 
K: Accounts. ~ 
Capital. —— 
85 0. Ly Sn ds £. acd, 
618 2 Brought forward . . .| 22,566.18 2 
0 0O| Wxss Bequest. 
£1,055 7s. 2d. Metropolitan Water 
Board 39. ub. Shock.) 1,000 0 0 
£303 16s. 2d. 33% War Loan. . 300 0 0 
1 10 | Writ1am Linpiey Founp. 
£1,214 London Midland & Scottish 
a. Railway 4% Debenture Stock . 1,584 16 8 
£1,109 2s. 9d. 44% India Stock, 
> a 1950-1955... : 1,005 15 2 
a £151 9s. 7d. 34% War (Sine ee 142 10 0 
| 725 0 © | Kutvryn Mupat Fonp. 
ee £757 18s. 11d. 34% War Loan . 725-0 0 
| 4,250 0 O | CuarLes HAwKSLEY BEQUEST. 
3 £955 Metropolitan Water Board 
E So tae Dae LOC Karama: Dis 0. 0 
£500 South Essex Waterworks 5% 
Preference Stock. . 435 0 0 
£70 5% Sheffield Corporation 
Water Annuities. . 1.992 0 0 
£40 4% Sheffield Corporation y 
Water Annuities. . 
£1,257 17s. 4d. 34% War Loan ~ 1,250 0 0 
6 5 Coopers Hirt War Mrmorrat. 
£1,239 15s. Od. 34% War Loan . 1,101 6 5 
£215 12s. 3d. 34% War Loan. . a 214 8 2 


4 0/C. C. Lrypsay Crvit ENGINEERING 

ScwoLaRsHie FUND. 

£3,500 34% WarLoan .. . 3,570 4 0 

0 0| Baker Mapa Funp. 

£290 5s. 8d. London County Cons. 
44% Stock, 1945-85. 320 0 0 

0 | Jamzs Atrrep Ewine Mepau Fonp. 

£798 12s. 9d. Middlesex County 


2 1 Council 3% Stock, 1961-1966 . 807 9 0 
641 4 10 | G. H. Dennison Fonp. 
£706 3s. 2d. 3% Local Loans. . 641 4 10 


6 3| As per Balance Sheet, page 169 . | *38,015 4 3/| *214 8 2 


—*The eta of these Investments at ruling prices on 31st March, 1939, saitsbaiated 
approximately to £33,311 and £205 respectively. 
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TRUST FUNDS INCOME ACCOUNTS FROM 


Trust Fund. Balance at Ist April, 1938 

; ror a £ ieagee 
Telford Fund . 99 10 19 
Manby Fund . 814 2 
Miller Fund - + + rs 382 4 11 
Howard«Bequest'. ">. . a vai sae ee ee 0 8 2 
Trevithick Memorial. . =. ». «© «© «© «© «© «=» «| 5 7 6 
Crampton Bequest . Aces eet 7 13 0 
James Forrest Lecture and Medal Fund. . . . Lo <2 ae 
Palmer Scholarship Fund . . 0, en hes treme 105 9 9 

John Bayliss Bequest sha’ con ag een ed 52 19 6- 
Indian Fund. . Pe ees 38 16 11 
Vernon-Harcourt Bequest Se ST oa ee ee 123 20703 
WiebbeBequest.) warcue tx -) wt pene ans 212 10 9 
Witham ‘Lindley Mund 9.) 9. 9 pos) 9s) eee eee se 690 3 3 
Kelvin Medal Fund . . Sats “Oh: Seemed Eee ete 12417 0 
Charles Hawksley Bequest . , Ried eee. aes 124, Od 
Coopers Hill War Memorial Fund . may 333 19 11 
C. C. Lindsay Civil Engineering Scholarship I Fund . . Sy Pri 
Baker Medal Fund . . - et 9 322 
James Alfred Ewing Medal Fund Sete ate 33 8 0 
G.H. Dennison Fund . . ee Se ot ee oe Ls Oe 
Re Ease se: Cooper Luegacyor en mei cis = a ee ve Pe 25 0 0 
Totaleset.¢)t-2S (oR seh See £2,766 3 4 


COMMITTEE ON THE DETERIORATION OF 
Account FRoM Ist APRIL, 1938 


3 8. ad. 
To Amount paid on behalf of or to the Committee ees the td to | 
3lst March,1939 . . . : 691 8 10) 

- ,, Balance carried CT ieee met eel ala ie rym Sy 


£2,082 15 | i 


RESEARCH 

To REskARCH— = : 8 4d  £- aa 
Vibrated Concrete Research . . . . . . . 1. 2000 
Pile Driving Research: . 44". ae oe ey 1G 
Earth Pressures Research. . . . . . . . . . 15215 0 
Wave Pressures Research. . RO eso LLY to 
aay Supported Steel a Research ee ec ee oO £0 

Fish Passes Research . ee wees. 8 9 
Soil Corrosion Research . . Men ero LO 20 : 
Reinforced Concrete Structures Research ee a eee TS 
Repeated Stresses Research . . . . . . . . . 517 6 
Breathing Apparatus Research . . . . . . . . 92 6 6 
Farthing to Water Mains Research. . . . . . . 300 0 0 
Special Cements Research . . . . . . . . . 263 0 
Welding Research. . oN pes a ee SOO Oma 
Velocity Formulas Research . a ae NS Tae P 
Joint Committee on Materials and their Testing <x» ee LOMO RG) 

To Orner ExpEnses— ~ 1,907 5 | | 
Travelling Expenses of Committee . . . » 2 0 202 £805 | 
Salaries, Clerical Pay and Pensions Premiums. - « 14568 5 
Research Report 86 18 8 : 
Sundries, including Printing, caaies ete. 119 7 0 

_ - 1,155 18 

To Batanog carried down’ . . . . . 1. 1. , ak 3063 

vty 025 14 
-, ; 
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Income: oe Income 
_ Tax Etunded for the year sees isi Balance at 31st March, 1939. 
fas. d: Pak. . = iF . Sse ds 
220 14 7 284 6 9 35 18 8 
; 915 11 Vom be Bh ll 6 0 
e ee A : M2 5 3 453 1 0 
; —-—_— — 9 4 7 
a 20-251 1117 O 13 12 6 
ae 14 5 8 20 18 2 1 0 6 
i 41 ll 4 47 9 6 9 4 5 
a. 28 3 2 63 15 0 69 17 11 
fe 32 14 10 30 0 0 55 14 4 
ioe 40 0 4 10 6 6 68 10 9 
ee 32 4 10 63 0 0 92 11 7 
ee 42 10 5 — — — 255 1 2 
i 104 12 6 40 0 0 754,15 9 
Bn - 27.2 6 41 17 6 110 0 
204 3 7 182 14 6 145 9 2 
ee 5110 2 46 710 339 2 3 
ee 124 5 0 25 0 0 471 12 1 
Ze 12 18 10 —-— — 22 2 0 
m4 23 10 4 2415 O 32) O46. 
og ; 19 5 9 a ‘ 4 9 510 
ge £1,241 9 7 £1,047 17 1 £2,959 15 10 


Tt Of which £214 8s. 2d. is invested (see page 175). 


RUCTURES EXPOSED TO SEA ACTION. 


3lst Marca, 1939. 


* Bios goed, 

Balance, as per last Account 2,047 14 5 

oes 25 R16 

10 0 0 

£2,082 15 11 

alance brought down as per Balance Sheet, page 168 1,391 7 1 

oS beth 

ipglance, as perlast, Account = © = 5 « © w=". Ga. 1,865 470 

, Contributions from other Bodies . . 1,560 10 0 
Institution Revenue Account—Amount provided f for the year— 

perpageG . . . . 2,600 0 0 

£6,025 14 0 

Balance brought down as per Balance Sheet, page 168. . . . . £2,962 10 3 
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INSTITUTION INVESTMENTS AT 31st MARCH, 1939 (INCLUDIN( X 
THOSE HELD IN RESPECT OF REPAIRS AND RENEWAL 


RESERVE) AT COST. 


£ 
3,000 
6,000 


S28 
OAKO 
0 


Metropolitan Water Board 3% “ B” Stock . 


London and North Eastern amd *% Debenture 
Stock . 


London Midland aa Scottish Railway 4% Debeshui 
Stock . 


London Midland ta Soottin Railway 49% Guaranteed 
Stock . 


34% War Loan . 
London Passenger eacmioee Board 440%, A a Stock . 
34% War Loan . 


London Midland and Scottish Railway $% Guaranteed 
Stock A 


London Passenger Sanaa Board 44%, fs A ot Stock . 
New Zealand 3% Stock, 1952-1955 


Middlesex County Council 3% Redeceahin, Stock, 
1961-1966. _ « A = 


3% Local Loans 


National Gas and Oil Bangine ae ‘Ltd, 3, 336 8 Ordinary 
Shares of£l . . pages 


0 


6,000 0 


2,545 


5,994 
2,720 
3,809 

452 


989 
5,327 
9,400 


. . . 


470 


As per Balance Sheet, page 169 . 


Norn.—The value of these Investments at ruling prices on 
31st March, 1939, amounted approximately to £42,998. 


yi 
jhe. 


. £50,294 0 


1,976 7 10 
3,586 11 44 
3,327 9 3& 
3,824 8 61 


351 3 9 
1,210 12 ] 
5,334 7 


coed oe 


9,391 11 
461 3 


> @s 


2,668 16 
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JOINT MEETING WITH THE BRITISH SECTION, SOCIHTH 
DES INGENIEURS CIVILS DE FRANCE. 


10 May, 1939. 
WILLIAM THOMSON HALCROW, President, British Section, 


Société des Ingénieurs Civils de France, in the Chair, 
supported by 


- WILLIAM JAMES EAMES BINNIE, M.A., President Inst. C.E. 


_“Photo-Elasticimetry : its Application to the Measurement of 
= Deformations of Bridges.” 
By Monsieur Ropert FLamMEntT-HENNEBIQUE. 


(Abridged 1.) 


Tue bridge at Saint-Thibault-sur-Loire possesses two features of special 
iterest, in that it was the first bridge entirely built in pervibrated con- 
rete, and, in addition to the usual tests, it was subjected to a thorough 
uscultation by means of a new process, namely, photo-elasticimetry. It 
3 one of the four structures spanning the Loire between the departments 
Cher and Nievre. The new structure replaces a suspension bridge, 
r one century old, the piers of which were utilized for the new work. 
selected design was a ferro-concrete bridge as light as possible in 
earance, consisting of a series of arches carrying an upper deck by 
ns of vertical stanchions. 

Local circumstances led to the adoption of a rise of 19 feet 9 inches for 
arches, which have spans of 209 feet 3 inches and 215 feet 9 inches 
ectively. The total length of the deck is 1,327 feet 8 inches between 
tments. The decking comprises a roadway 19 feet wide, carried on 
sverse secondary beams and longitudinal main beams, the latter 
sing supported on the uprights which transmit the load on to the arches. 
footpaths, 3 feet 8 inches wide, have ferro-concrete handrailing and 
earried on cantilevers. 

The old foundations were retained, but both the abutments and the 
ers were strengthened by driving a ring of concrete piles connected to 
ferro-concrete waling. The space between each old foundation and its 


Copies of the Paper and Discussion may be obtained on loan from the Loan 
of the The Institution; a limited number of ee is ae Mh ee: for 
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new ring of piles was filled up with mass concrete. Stone pitching iss 
laid around the ring to prevent erosion, and the penetration of the piles 
in the sandy strata is such as to prevent any spewing of the sand under the« 
masonry foundations, and therefore to guard against settlement. 7 
In view of the rapid rise in the level of the water at flood-times and of 
the magnitude of such rising, it was decided at the outset to dismiss any} 
thought of resorting to semi-articulation of the arches, but to seek the 
minimum angular variation of the section at the bearing by studying the« 
flexibility of the arches, and varying the moment of inertia. The depthh 
of the arches decreases gradually towards the bearings, thereby graduallyy 
reducing the vertical rigidity, and securing an easy deformation without: 
generating important reactions of fixation. On the other hand, the rise 
of the arches was reduced by increasing the moments of inertia in pro-) 
portion to the bending moments, the maxima occurring at the haunches. 
The depth of the rib, which is the determining factor of the moment; 
of inertia, varies from a maximum of about 4 feet at the haunches to 
minimum of 16 inches at the springing. The normal thrust being a 
maximum at the support, the average compressive stress is maintain adi 
constant by gradually splaying out the ribs at the springings. nisi 
arrangement provides, in addition, adequate transversal rigidity to the 
three arches and guards against any deformation under the pressure 
arising from the flow of the river. This transverse rigidity is completedk 
by the provision of bracings which contribute to ensuring indeformabili 0 
After reference to the bearing on the piers, the decking, and the floodk 
opening, the construction of the temporary bridge was described. It 
was out of the question to stop the heavy traffic which was using the 0: ak 
suspension bridge during the construction of the new bridge. 
The execution of the work requires no special comment. The materials 
required for the new bridge were 400 tons of steel and 3,144 cubic yards 
of concrete, aluminous cement being used and special steps being taken 
to overcome the rise in temperature by watering. In addition ta 
increasing the compressive working stress by the use of aluminous cemer 
the method of internal vibration, or pervibration, was adopted. The te 
of concrete during the construction were carried out on 8-inch cubes m 
with concrete taken from the mass actually worked in position, and int 
cated a crushing strength ranging from 7,100 to 8,800 lb. per square inch 
it was therefore possible to adopt a working stress of 1,850 lb. per squar 
inch, 
Tests after 1 week and after 90 days yielded results as set out in 
Table I. - 
Pervibration was effected by means of compressed-air vibrators. A 


inside an envelope of suitable shape, which is thereby put into a state o! 
intense vibration. When the vibrating tool is introduced into a mass 01 
concrete it induces a vibratory state, the effect of which extends across ! 
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TaseE I. 
oa Time: F i : 
4% c Test. days Matcrial test. “Hae et 
ec E-1 7 Pervibrated concrete, not watered 3,260 
ne during settling 

2 7 Not pervibrated, but watered 6,025 

3 me Pervibrated and watered 6,950-8,080 
- 4 90 Not pervibrated, but watered 7,100 

5 90 Pervibrated and watered 8,300-8,800 


me of influence of dimensions varying in accordance with the shape and 
dimensions of the envelope, the type of vibrator, and the proportions of 
he concrete. Within that zone, the aggregate elements of the concrete 
re very closely compacted and the mortar surges up, even when the mix 
very dry and comparatively poor in cement. The pervibrated mass 
moreover acquires a temporary state of liquefaction, so that buoyancy 
nters into play as regards the pervibrator, which, if its weight and 
imensions have been properly adjusted, rises automatically when further 
merete is added to fill up the mould. The new concrete also rapidly 
quires the liquefied state. 

Experiments proved that, with the use of pervibration, and without 
ing any special precautions, it is easy to obtain a degree of compactness 
of 85 per cent. for the concrete, whereas it is very difficult to obtain more 
an 75 per cent. in actual practice with hand-ramming, even if granulo- 
ry has been carefully studied. Consequently the voids are reduced 
the extent of 40 per cent. by pervibration. This allows a higher 
king stress to be adopted. 

It may be asserted that, in every case, pervibration gives better results 
n hand-tamping, and the improvement is quite apparent even in the 
ase of the test cubes, to which greater care can be given, when hand- 
amping, than is possible when actually ramming concrete in situ. It 
ast be admitted, however, that, if pervibration is an important factor 
‘improvement, the progress is limited to the utilization of concrete ; in 
er words, it counteracts only the deficiencies in the most important 
stituent, namely, the cement. . 

For a long time research has been conducted toward the production 
cement devoid, or almost devoid, of shrinkage, but until the desired 
erial is finally produced, shrinkage must be counteracted by some 
ical treatment, which consists generally in avoiding too rapid a 
ation during the hardening period. This, however, is merely a 
iative, and, despairing of ever obtaining a cement devoid of shrinkage, 
n engineers considered the possibility of reversing the position, and of 
‘a cement having variations of volume which, as time goes on, would — 
ore be a nuisance, but, on the contrary, an advantage. This led to 
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Mr. Hendricks is at present experimenting in France on the pro 
duction of such acement. His principle is to impede the normal shrinkag 
due to the desiccation of the capillary cavities, by retarding the dissolutiont 
of certain anhydrous constituents of the cement, and by inducing th i) 
formation of crystals which fill up the voids left by the disappearance oft 
the water. Such a cement would have many advantages in fixed end 
bowstring arches, in reservoirs, and in underground work such as tunnels 
foundations, wells, etc., and also where new concrete extensions ae 
built on to existing structures. For some time to come this kind of) 
cement may still have to be considered as a laboratory product, but,j 
pending its general use, processes such as pervibration are well wort 
utilizing. 

Photo-elasticimetry is a process of direct testing allowing the 
direction and magnitude of the stresses which develop in any part off 
a structure to be ascertained. After referring to the properties of polarizeds 
light, the Mabboux photo-elasticimeter and its application to the St 
Thibault bridge was described. The method consisted of fixing smal 
silver mirrors on one of the faces of every one of the three arches in the 
span, in the sections for which calculations were made, and as near as 
possible at the level of the upper and of the lower reinforcement. I 
order to eliminate, as far as possible, the disturbing shape of the col 
stituent elements and of the grain of the mortar, it was advisable to make 
the dimensions of the mirrors negligible in comparison with those of the 
corresponding member, but very great in comparison with those of the 
grain of the mortar. After ren preliminary experiments, it was dean diq 


These mirrors were sealed is the face of small aluminous-cement conc; ’ 
blocks of the same mixture as that of the corresponding members, these 
blocks being concreted in, to the number of fifty-two per arch. When 
the shuttering was removed these mirrors were flush with the external 
face of the ribs. 
Tests were carried out and the working stresses in the various sections# 
were calculated from the actual readings. It was at once obvious tk 
the working stresses revealed by photo-elasticimetry were much lowe! 
than those indicated by the calculations, This was not surprising, anc 
there were two explanations of the fact. First, calculations took intoy 
account the influence of shrinking and the temperature-stresses. During; 
the tests, the differences in temperature were negligible, and as the main! 
shrinkage occurred during the hardening of the concrete, its effect during 
the tests is also negligible. rt 
On the other hand, calculations take into account particularly un- 
favourable conditions which are extremely unlikely to occur simultaneously, 
when the tests are carried out. If it is possible, in a laboratory, to p | 
a test piece under conditions identical with those assumed for calculs 
purposes, it is impossible to do the same when dealing with an importan’ 


wy ary 
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ructure, and especially when there is a probability that the unfavourable 
conditions may never be all realized at the same time. 

~_ Table II shows typical results obtained in various sections by 
elasticimetry, and those obtained by calculation. 


pes 


TABLE II. 
Central rib. External rib. 
Static loading. Static loading. 
umber — Number 
of Calculations : Photo- of Calculations : Photo- 
10N. | kilogrammes per| elasticimeter : section. | kilogrammes per] elasticimeter : 
square | kilogrammes per square kilogrammes per 
centimetre. square - centimetre. square 
centimetre. centimetre. 
2 128 46 2 108 70 
3 130 20 4 109 56 
5 128 62 6 116 58 


_ All these results, excepting that corresponding to section No. 3 of the 
entral rib, compare fairly well together, the working stress from calcula- 
tions being, on an average, about twice as great as that revealed by 
hoto-elasticimetry. 
It must be understood, however, that this was the first large-scale 
ctical application of the new process, which has been applied previously 
nly in the laboratory research. It is likely that the further laboratory 
fork at present being undertaken may lead to improvements in the 
pparatus which will give to the process its full value as a method of 
trol. 
In any case, the results so far obtained are in full accord with the 
ical considerations based upon the laws of elasticity, both as regards 
the direction and the magnitude of the stresses. They give, in addition, 
uable information regarding the stresses observed in normal service, 
, consequently, regarding the factor of safety of the work. Further, 
he mirrors are fixed permanently in the structure, they will facilitate 
ew auscultation of the structure as a whole, or of any of its elements, 
ld this become necessary in the course of time. 
In conclusion, it was pointed out that a lapse of time will be necessary 
nable judgement to be passed on the value of the results obtained, but 
possibilities offered for the auscultation of stresses in actual structures, 
by acoustic methods or by those of photo-elasticimetry, will 
ally enable the test-results to get nearer and nearer to the truth. 


_ A vote of thanks to the Author for his Paper was proposed by Mr. 
T. Halcrow, President, British Section, Société des Ingénieurs Civils 
France, and was seconded by Mr. W. J. E. Binnie, President Inst. C.E. 
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In the ensuing Discussion seven speakers took part. It was suggeste d 
in connexion with the stress-measurements that the material in tl 
bridge was stressed simultaneously in several directions, whereas tl 
test-piece in the measuring apparatus was only stressed in one directio: 
and that stresses actually measured were those due to live loading on the 
bridge. Different observers might vary in their perception of colour. It 
was also pointed out that what was actually measured was the differe a 
in the principal stresses at the point concerned, and that the value of the: 
measurements would be enhanced if the mirrors in the material beings 
investigated could be rotated in orientation with the principal stresses 
The strength of the concrete, and the allowable working stress, were also: 


discussed. 
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Paper No. 5152. 


“The Principles of Drag-Suction Dredging.” 
By Herpert Cuatiey, D.Sc. (Eng.), M. Inst. C.E. 


(Ordered by the Council to be published with written discussion.)} 
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Inrropuction: THe Drag-Suction DrepcER CuyrEen-SHE. 


made to the mechanical conditions of drag-suction dredging, based 
n a study of the available data extending over 10 years. Since writing 
sat Paper the largest drag-suction dredger in operation (the Chien-She, 
yorking in the Yangtse estuary) has been built by Messrs. Schichau of 
anzig and Elbing for the Whangpoo Conservancy Board to the Author’s 
scification (Fig. 1, Plate 1) and has been working successfully on the 
sbrance bar of the Yangtse river since the summer of 1935. The annual 
tput is over 5,000,000 cubic yards of in-situ material. Just completed 
second and rather larger dredger (the Fu Shing), which is provided 
h additional propulsive power, water-tube boilers, and cylindrical dump- 


valves. 


Jorrespondence on this Paper can be accepted until the 15th August, 1939, and 
be published in the Institution J ournal for October 1939.—Sxc. Inst. C.E. 


' Inst. C.E. Selected Engineering Paper No. 125, 1932. ‘ 
‘or description, see Engineering, vol. CXLVI (1938), pp. 495 (28th October), 


8th November), and 638 (21st December). 
i : 


the Author’s Paper “ Energy Considerations in Dredging”? reference - 
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. 
The design and operation of the dredger Chien-She involved the 
investigation of various matters concerning which little information was: 
available, and it is hoped that some of the results may be of general interest’ 
and utility. 
The original Friihling patent 1 indicates the basic principle of combined 
scooping and suction, but the inventor, rather naturally, does not seem to3 
have appreciated all the mechanical problems involved. The success of! 
his dredgers from 1902 onwards in handling very soft mud led to the 
type being widely used for work on ocean bars, and there are now aboutt 
seventy such vessels in existence. It was found, however, that the output t 
was disappointing whenever sandy material was met with, or when the mud 
to be excavated was very stiff. Herr Otto Friihling and his imitators made: 
various efforts to overcome this difficulty, but to this day the thickness of 
the pumped mixture obtained by this type of dredger in sand is often nott 
very much better than that obtainable with the ordinary moored suction- - 
dredger. In the case of fine sand which does not settle quickly, a thin} 
mixture is particularly objectionable in hopper-dredgers since it involvés § 
the useless transport in the hopper of a large volume of water or, alter-- 
natively, the flowing overboard of the thinner spoil in the hope of retaining } 
a fair load of coarser particles. Much of the materials sent overboard 
actually resettles in the cut, even when there is a strong transverse current. . 
On the other hand, with this type of dredger working in smooth, soft mud, 
it can happen that the material comes up almost free of added water. __ 
The case of the Yangtse bar mud was peculiar inasmuch as the typical | 
bar-material was smooth and soft but of unusually high density (1:6 to ) 
1-9), in spite of the mineral being of the usual silica and alumino-silicate > 
make-up. In actual fact this material proved extraordinarily amenable ? 
to drag-suction, being brought to the surface with a density at times} 
as high as 1-6. Whole hopper loads with a density of this value have 
been obtained ; those with 1-5 are frequent and average hopper densities of | 
less than 1-4 are considered bad. Assuming the in-situ material density 60 
be 1-8, a density of 1-6 corresponds to a mixture in the hopper containin 7 
75 per cent. of in-situ material 2, 1-5 corresponds to 62-5 per cent., and 1+ 5 | 
corresponds to 50 per cent., proportions quite unobtainable with moored 
suction-dredgers. | 
In the middle of the bar, however, a patch of sand with a density of abo it | 
2-0 was found, and it was at first quite difficult to dredge mixtures with a 
density exceeding 1-15, corresponding to 15 per cent. of in-situ material. | 
Fortunately this sand area was limited and its margin consisted of loat 7 
which pumped more easily. _It was later found that by partially closing 
the mouth of the draghead a richer mixture up to a density of approximately ° 


1 Brit. Pat. No. 19239, Sept. 9, 1898. 


' ® Proportion of original material of density s,,in a mixture of density s,, = i © 


a 
a 
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1-25 could be obtained, but the additional resistance to cutting remained 
a difficulty 1, Intermediate materials gave better results. 


- RELATION oF OuTPUT TO DRAGHEAD DIMENSIONS AND VESSEL 
SPEED. 


~ With one of the dragheads in use there is an entrance area of about 20 
square feet and the speed over the bottom during dredging may be as 
much as 3 knots (say 5 feet per second). The ideal output in this case 
would be 100 cubic feet per second if the head were completely buried in 
the mud. The dredger being designed to take 2,500 cubic yards per trip, 
this would mean that the hopper might be filled in 


(27 x 2,500) + 100 = 675 seconds or 11-25 minutes. 


Such a good result as this was not actually obtained, but occasionally 

oppers were actually filled with 4,000 tons of mixture in 15 minutes, 
isting of about 2,500 cubic yards (3,375 tons) of in-situ mud and 625 

ms of water (833 cubic yards), that is 33 per cent. by volume of water 
dded, corresponding to a mixture density of 1:6 if the in-situ density were 
or 1-525 if the in-situ density were 1-7. 
If all the added water is obtained by suction (pressure water could be 
ipplied but was not always found necessary), this means that in the 
rage, the draghead was 25 per cent. (11-25 minutes divided by 15 minutes 
75 per cent.) open at the top and the average inflow-speed of the water 

about the same as that of the mud, since the mixture consisted of about 
cubic feet per second of water and 75 cubic feet per second of mud. 
ually the water-inflow must fluctuate according to the effective suction 
¢he mouth of the draghead and the breaking up of the mud in the lower 
art of the pipe. . 
This roughly represents the most favourable conditions. 
_ Turning now to the case of sand, the higher resistance of the sand to 
sutting has two results. Firstly, the draghead does not penetrate so 
leeply into the bottom, leaving a far larger opening for the water to enter 
he head. Secondly, the speed of the ship over the bottom will be reduced. 
‘hus if the buried sectional area is reduced to, say, 8 square feet and the 
need is reduced to 1:5 knot (2°5 feet per second), the output cannot exceed 
0 cubic feet per second. The inflow-speed of the water will be higher than 
hat of the sand owing to the large opening (12 square feet) and the strong 
vacuum, and may easily amount to 10 feet per second, making an influx 
lof water of 120 cubic feet per second and causing the mixture to have a 


i” 1 Engineers in the United States of America use a flat shoe-shaped head with a” 
grid that scrapes up the sand. This head lies behind the pipe, thus avoiding the bend 


] but losing the plough effect. 


< 
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density of 1:14. This is precisely the sort of result that is obtained in 
sand if the same head is used as for mud. : 
It is obvious that if more thrust is available the head can be buried’ 
deeper, but, unless the dredger is designed with a surplus of thrust, this is 
not feasible. In actual fact with a given dredger there is only one method} 
of dealing with the situation, and that is to use a smaller draghead 01 
partially to close the opening with adjustable shutters (Fig. 2). Both a 
are quite successful and can increase the density of the sand mixture t 
1-25 or even 1:3. The actual rate of dredging is not thereby perceptibly 
increased, but the denser mixture gives a better hopper-load, involving less 
wasteful transport of dilution water and so increasing the total daily out 
put. The Author believes that with optimum thrust and area combination ‘ 
a sand mixture containing nearly 50 per cent. of original material (by: 
volume) could’ be obtained, since mixtures of this kind can be pumped! 
under pressure. 


RESISTANCE TO CurTING. 


It is clearly necessary that there shall be a reserve of propeller-thrust, 
over and above that required to move the ship through the water at the: 
relative speed (in the case of strong tidal currents this means full current : 
speed plus speed over the bottom), sufficient to force the draghead into) 
and through the bottom. Actual towing tests are the best means of ° 

“measuring the thrust required, but an approximate idea can be gained by ' 
multiplying the buried periphery of the draghead by 3 times the buried 
depth into a shearing force appropriate to the material. Thus with a head 
8 feet wide buried 2 feet deep in mud having a shearing resistance of 30 
pounds per square foot, the total resistance is about 4 


(8 + 2 + 2)(3 x 2) x 300 = 21,600 Ib., or say 10 tons. 


With a speed over the bottom of 3 knots (5 feet per second) this amounts ; 
a 
21,600 x 5 


Ba nearly 200 horse-power. 


In sand, if the same head is only buried 1 foot and the shearing resistance 
is 700 lb. per square foot, the total resistance is ; 
(8 + 1+ 1)(8 X 1) x 700 = 21,000 lb. 


This example indicates very clearly how greater resistance reduces 
the penetration and, in the absence of shutters, increases the water openin 9, . 
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Threequarter top view. 


Front view. 
EXPERIMENTAL DRAGHEAD. 


— 
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RESISTANCES IN SucTION PIPE. 


| _ The vacuum at the eye of the pump has to overcome : 
a) The head of fluid in the suction pipe less the hydrostatic head of water. 


This may be quite important with thick mixtures. Thus if the eye 
if the pump is just at water-level (it is usually below that level, but as the 
mpeller is vertical and nearly 9 feet in diameter it is difficult to put the 
aye very much below the light-draught water-level) and the mixture has 
fa density of 1-6, the head to be overcome measured in feet of water is 
0-6 times the depth in feet of the bottom of the cut below water-level. 
For the vessel in question this depth was a maximum of 45 feet. Since 
0-6 x 45 = 27 feet (24:5 inches of mercury) this would utilize almost all 
he vacuum, and indicates clearly that this type of dredger cannot work 
to great depth if it is to lift dense mixtures. In actual fact, when the 
hopper was full of water, the eye of the pump was some 11 feet below water- 
evel, so that the lifting head required in this state was : 


{0-6 x (45 — 11)} — 11 = 9-4 feet. 


At light load the eye of the pump was actually 3 feet below water-level 
so that the maximum lifting head required to overcome the weight of the 
mud in the pipe was ~ 

{(0-6 x (45 — 3)} — 3 = 22-2 feet. 


Obviously this great demand on the vacuum tends to make the mixture 
thinner at the beginning of the pumping. 


(0) The friction head in the pipe. 

‘For a thick but smooth-running mixture the fluid friction is about 10 
times that of clean water, but the pipe has one sharp bend in it, at the drag- 
head, and certain changes of section, so that about 15 times is the least 
that should be considered, or say 0-075 lb. per square foot at a speed of 
1 foot per second. The actual length of the suction pipe in question 
was about 75 feet and the velocity (for mud mixtures) was of the order of 
10 feet per second. The periphery was about 11 feet, so that the total 
resistance was about . 


75 x 11 x 0-075 x 10 x 10 = 6,188 lb. 


The sectional area of the pipe being about 10} square feet, this corre- 
sponds to about 600 Ib. per square foot of pipe section or 4 Ib. per square 
in ch, equalling about 25 per cent. of an atmosphere or 8 feet of water (or 
7-5 inches of-mercury). We 

If the mixture is very thick or the particles inclined to lock together 
the coefficient of rubbing friction will increase and the flow may be checked 


by the lack of suction head. 
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(c) The kinetic head. 

The main pump of the Chien-She when taking in water alone brings 
up 18,000 tons per hour, or 5 tons per second, equalling 180 cubic feet pex 
second. This figure may be compared with the dense mixture referred a 
above (2,500 cubic yards of mud plus 833 cubic yards of water in 15 minutes 
equals 100 cubic feet per second). The water intake velocity for 1 in oH 
(mercury) of vacuum at the draghead is, allowing a coefficient of contract 
tion of say 0-6, about 9 feet per second, and rises as the square root of thal 
available vacuum. Thus, even allowing for the higher densities, 2 inches 
of vacuum (say 2-1 feet of water) will provide the necessary kinetic fe 

If the mixture is thin and the mouth of the draghead is only partl 
buried, the vacuum in this place may rise to approximately 4 inches a 
mercury, causing an intake velocity of perhaps 20 feet per second, 8¢ 
accounting for the excess of water in sandy mixtures. 

The dredger is provided with a high-pressure pump capable of givingy 
as much as 6,000 gallons per minute at 30 feet head, or 2,500 gallons a 
160 feet head. The first figure corresponds to about 16 cubic feet per 
second, which is quite a large fraction of the small dilution necessary wifi 
high-density mixtures. This water is fed into the back of the draghe al 
by nozzles flush with the interior surface and directed as nearly as possible 
in the direction of the flow of the mud; that is, backwards into the headi 
and pipe. ; 


Design oF Suotion Piper. 


Having regard to the considerations of vacuum efficiency, the Author: 
has been very surprised to note in many designs the lack of attention whicht 
is given to designing the head and suction pipe to have minimum fluidi 
resistance. He is convinced that the pipe should be as large, as short, and 
as straight as possible. Single pipes are to be preferred to double ones 
(which have 41 per cent. more skin area for the same sectional area), t 
pipe should run direct into the eye of the pump, and the knuckle-joi 
which is required to allow the pipe to be lowered should be arranged s¢ 
that the bend is as easy as possible in the average working position. At the 
junction with the draghead, the curve, which (including the back of the 
head) is necessarily nearly 180 degrees, should be of as large a radius as} 
practical and the inside should be streamlined. It is doubtless preferable 
that the pipe should be circular in section rather than rectangular, but the } 
great diameter (plus the width of the ladder frame which supports the } 
pipe) affects the width of the well and indirectly the beam of the ship, 80 } 
that a rectangular section with rounded internal corners is not so ve ry | 
objectionable. Nevertheless it is a fact that the perimeter for the same ! 
cross-sectional area is about 12 per cent. greater for a square section tha 
for a circular one (the ratio is still larger for rectangular sections), and the } 
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riction is increased in this ratio; there is further added hydraulic re- 
istance at the fairing into the pump-eye, so that a circular pipe is definitely 
preferable. No pockets, lap-joints, or projecting bolt- or rivet-heads should 
nterrupt the smoothnessof the suction pipe. In particular, the inside of the 
traghead should be streamlined (not merely “ faired off’, but adapted to 
duid flow without reverse eddies) so that there will be no check of any 
cind to the motion of the mixture. The early Frihling heads were rather 
lefective in this respect, especially the very broad ones. 

__ An external envelope for the pipe-ladder to reduce the fluid resistance 
0 propulsion and currents is advantageous, 

_ An interesting feature of this particular dredger is that the pressure- 
water pipe has been made a link which holds the head at a constant attitude 
oy means of a fork, so that the cutting angle is not affected by the depth 
bf the cut. The angle can be changed if desired by wedge-shaped packing 
pieces. Angular control-gear was considered but it was decided that its 
anknown advantages were outweighed by the loss of rigidity and the 
probable difficulty of maintaining a relatively delicate underwater device. 
_ Figs. 3 (facing p. 189) show an experimental head which has been built, 
ith removable upper plug-lip, suction-release spring-controlled side valves, 
and extra access-doors for possible future interior jets to be operated 
sither by the suction or from the pressure-water line. The Author believes 
that in some instances such jets might be useful if externally streamlined 
and directed in the direction of the mud flow. Frihling contemplated 
various devices, such as rotary cutters inside the drag-bucket, but the 
Author is convinced that such apparatus, by obstructing the mud flow, 
would nullify any advantages it might otherwise possess, and that the 
head should be kept clear only by smoothness, stream-form, and jets 
parallel to and in the same sense as the flow. 


Pumpine PLANT. 


leading over the hoppers are each 27-625 inches in diameter. The hoppers 
an be pumped out by two suction pipes of same size as the discharge 
‘pes. Overboard-discharges of 39-375 inches diameter are provided for 
m ergency and shore pumping. The impeller of the main pump is four- 
aded and is 8-5 feet in diameter over the tips. The water delivery is 
{8,000 tons per hour at 120 revolutions per minute. Details of this ~ 
Be sing plant are given in Figs. 4, Plate 1. 7 
Full particulars of the vessel are contained in the Author’s report 
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to the Conservancy Board! which has been published, slightly abridgec 


in London 2. 


DISCHARGING. 


The vessel is ordinarily discharged through ten pairs of wooden doors 
the opening at each pair being 81 inches by 88 inches. In the case of mudi 
the efflux is very easy and the whole hopper can be emptied in less nan 
2 minutes, but with sand the whole clearance may take 4 minutes 
The vessel is provided with five sea intakes on each side contro bo 
hydraulically from the bridge. These are intended to provide diluti 


the cost and inconvenience of door maintenance and also to avoid the rishi 
of striking an open door against the sea bed. The doors on the whol 
have proved satisfactory, but there is considerable wear at any point wherd 
a leak develops due to the erosive action of the sand on the timber. 
one occasion the hydraulic ram controlling the door chains on one sidd 
failed to act, causing a dangerous list, and on another occasion the cha 
supporting a pair of doors broke above the balancing bridle and the bridle 
fell through. 
When not dumping the main door chains are locked with heavy steel 
cotters, and the labour required to knock these cotters in and out is worth 
- saving. 
The objection to the cylindrical valves is that they occupy a consider 
able volume in the hoppers, and if the material is stiff it may jam betwee 
the sides of the hopper and the cylindrical wall of the valve. They have 
functioned quite well for many years working on the Leviathan in th 
Mersey when handling sand, and are reported from several ports to be quite 
satisfactory for use in mud dredging. | 
For discharge by pumping, hand-gear to control the exhausts to th 
suction pipe-lines have been provided and also hand-gear for the sprinkler: 
controls, by which high-pressure water can be admitted to the hoppers j ws 
above the doors. This gear has worked satisfactorily, but actually the: 
hoppers are rarely pumped out so that its trials have not been exhausti' | 
It would naturally be preferable that all these valves should be hydraulica ' 
controlled, and only the cost and complexity of the extra hydraulic press 
lines and control gear on the bridge has caused hydraulic control to be: 
omitted in this case. Labour in China is comparatively cheap and wh en t 


? The Dredger ‘‘ Chien-She.” Whangpoo Conservancy B i, 193¢ 
T : 'y Board, Shanghai, 1936. _ 

; * “The Dock and Harbour Authority.” Vol. 16 (1936-37), pp. O78 eb seq., and 308 

et seq. ; 45 5 
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pumping out there is no such urgency as when dredging, so that the valves 
van. be opened in succession. 


CoMPUTATION OF DISCHARGE. 


- It is of the highest importance that the actual output of the dredger 
120uld be rather accurately determined, and in any case not be overstated. 
Seeing that the hopper load always contains some added water (unless it 
is first pumped dry and the mud is sucked in with a completely buried 
head, and no pressure water is used), the problem is as follows : 
- Given the change of displacement during loading from the change of 
draught and the volume of mixture in the hopper from the level of its 
surface, to find the volume of in-situ material in the hopper-load. 
_ The change of displacement shows the weight of the added load in tons, 
and the calibration of the hopper gives the volume of the mixture. If 
the latter is taken in cubic metres, the ratio of the added weight in tons to 
he hopper volume gives, with sufficient accuracy, the density. If the 
in-situ” density is assumed (on the basis of previous observations), the 
fraction of the original material in the load can be simply computed or 
read offonagraph. — 
During the official contract trials actual measurements of the in-situ 
lensity were obtained by “dry” scrapings made with the draghead. 
hese were dug out of the lifted head, placed in cylindrical measuring 
sels and pressed into place by hand until the vessels were full and then 
eighed. As in actual fact such scrapings contained interstices and could 
ot be brought back to the original consistency, these densities tended to 
e a little on the low side, but not much. The figure of 1-8 was often 
ined for such mud, but occasionally lower figures occurred. 
On the trials the actual densities so obtained were used in computation 


opper is nearly full and does not greatly dilute the mixture. Itis, however, 
n additional disadvantage when pumping fine sand, but not usually 
ifficient to warrant the loss of time involved in pumping the hopper dry. 
aught indicators are fitted, but are only used to control actual readings 
he pipe well, fore and aft. When dealing with material which will 
np well the load-level is regulated by a weir at a suitably low level, as & 
pletely full hopper with such material gives too great a draught. With 
ner mixtures the hopper can be filled to the coaming-level and run 
r it, but it should be emphasized that it is limiting displacement that 
uld be aimed at and not simply full hoppers which may consist largely 
ater. s e 
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The displacement at 19 feet draught is about 9,000 tons (adjusted from 
time to time for consumption of coal and water), but would be only 7,400 
tons if the doors were open. 

The displacement at 11 feet draught is about 5,000 tons, but it is onlyy 
4,300 tons if the doors are open. In other words, the hopper contains 
700 tons of water or 700 cubic metres if the hopper is not pumped out. 

The hopper capacity to the deck-level (3 feet below the coamings) i 
2,900 cubic metres, so that at the moment of filling, if the water has not bee 
pumped out, there is only 2,200 cubic metres available. If the mixtui 
has a density of 1-5 this means that 3,300 tons can be put in, but in actua 
fact the full 2,900 cubic metres of mixture can be pumped, addi dol 
2,900 x 1-5 = 4,350 less the 700 tons of initial water pushed overboard 
leaving an additional load of 3,650 tons. 

If the density were 1-6, 3,540 tons could be put into the 2,200 cubi 
metres of space, or 4,640 tons if the water were pushed out, increasing tl 
displacement by 4,640 — 700 = 3,960 tons, or say 4,000 tons, which 
the load for which the ship is designed. 

A clearer idea of the effect of the hopper loading on the a 
may be obtained by considering the following routines :— 


“1. (a) Draught 11 feet. Door open. The displacement is 4,300 tons, 

equalling the weight of the ship. 

(6) Draught 11 feet. Doors closed. The weight of the ship is still 

4,300 tons, but 700 tons of water is trapped in the bottom | 4 

the hoppers and the rated displacement is now 5,000 tons. — \ 

(c) Water pumped out of hoppers. The ship rises until the draught 

is about 9-5 feet and the displacement is again 4,300 tons, bt ti 

the whole space in the hoppers is now available to produce 

buoyancy. 

(d) 4,000 tons of mixture pumped in. The total displacement is now 

8,300 tons and the draught is nearly 18 feet. The level off 

the fluid in the hopper depends on the anit of the mixt 8 ! 

2. (a) and (6) as in 1. : | 

( Hopper filled to coaming-level (3,240 cubic metres, less 700 cubic 

metres of water already in the hopper, equals 2,540 cubic 

metres of mixture). If the mixture poured in has a densi 

of 1-5, the weight added is 3,810 tons and the total contealll ft 

the hopper is 4,510 tons. The total displacement (doors' 

necessarily closed) is 8,810 tons, the draught being abow 

18-5 feet. The mixture, including the original water in the 
hopper, has a mean density of 4,510 divided by 3,240, or is 3 


3. (a) and (b) asin 1. 


(c) Hopper filled to coaming-level with pumped sabes the origi | 
water being er overboard. If the density of inr 


‘a7 


a2 5 Pe 


Wer 
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again 1-5, this means an additionsof 4,860 tons to the light 
weight of the ship, so that the total displacement is 4,860 
plus 4,300, which equals 9,160 tons, the draught then being 
pS about 19:2 feet. 


_ Unless the hopper is pumped out there is always an ambiguity due to 
he lack of knowledge concerning the movement of the original water in 
he hopper. In addition to this the first part of the pump discharge is 
usually thin, and in actual fact the usual procedure is to run the pump 
itil the hopper is full to the weir or coaming-level (according to the type of 
aterial being pumped) and to continue pumping until the draught reaches 
he safe maximum. (For this particular vessel owing to the shallowness 
of the dumping areas the draught was intended not to exceed 18 feet, but 
when tides permitted somewhat greater draughts were used.) 
It is then assumed that the initial water and the starting flow have all 
deen pushed overboard at the weir or coaming, so that the additional weight 
s the difference between the “light”? draught displacement with doors 
losed (that is, the weight of the actual ship) and the loaded draught dis- 
lacement. Provided that the pump is run until the draught is a maxi- 
mum, the error in this assumption is not serious. 
_ To illustrate this point it should be observed that if the hopper is just 
iled with clean water up to the coaming-level it only contains 3,240 tons, 
he total displacement (doors closed) is only 7,540 tons and the draught is 
mly about 16 feet, Every additional foot of draught (doors closed) 
epresents 500 tons so that an 18-foot draught requires another 1,000 tons 
‘0 be added. If, in imagination, 1,667 tons of solid mineral (density 2-5) 
vere to be added (volume 667 cubic metres), its volume would push 667 
bic metres of the water overboard, occupy its space and so provide the 
quired additional 1,000 tons. Assuming, for simplicity in calculation, 
| in-situ density of 1-75, then 1,667 tons of mineral corresponds to the 
mineral content of about 1,333 cubic metres of mud or 2,333 tons of mud. 
The mixture in this hypothetical case has a density of 


(3,240 — 667) + 1,667 
3,240 


It will be seen from this example that it is impossible to put the vessel 
wn to the required draught even with a full hopper unless the pumped 
ture has a certain rather high density. Conversely, if the mixture has 
ore than this density, the hopper cannot be filled up to the coaming-level 
rithout exceeding the critical draught. 
- The Author may seem to have laboured this aspect of the matter, but 
is a fact that certain dredger-masters appear to think that if they get 
hoppers with a moderately thick mixture they are doing as well as 
ible, whereas the maximum output is obtained by getting maximum 
ght provided only a small percentage of extra pumping time is required. 


eek 
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OBLIQUE CURRENTS. 


The tidal current on the Yangtse bar is rotary, the particles of water; 
moving in a long ellipse, and the axis of this ellipse is inclined to the thalweg 
or valley line over the bar at an angle of about 40 degrees. Conse- 
quently at the time of full flood- or ebb-tide the current, which at spring 
tides may rise to almost 6 knots, is on part of the cut strongly athwart: 
the axis of the cut. The dredger is therefore obliged to steam obliquely 
towards the current so that the combined velocity will give the proper! 
direction. Only when the tides are weak is it possible to dredge with thet 
current, as since the cutting speed rarely exceeds 3 knots there must be: 
a margin for steering, and if there is any obliquity of current the triangle: 
of velocities gives an impossible position. 

When dredging in the stronger tides with a lateral “ set,” the mouth! 
of the draghead is not square to the cut and a loss of entry-area occurs. | 
In addition to this there is a much reduced reserve of thrust since the skini 
friction of the ship, and consequently the resistance to propulsion, are} 
increased by the current. The vessel has a total of 3,000 indicated horse-. 
power available in the propelling engines and can travel at about 11 knot 
in deep water with full hoppers, but even so it has been considered advisable: 
to provide a larger percentage of thrust-reserve in the new ship. The 
pipe ladder is pressed strongly against the side of the well by the transverse § 
reaction, and it has been found expedient to cut a hole in the side of the: 
draghead to increase the influx of spoil. 3) 

This transverse current has been also the principal reason for adopting : 
the centre-well type of dredger, which allows the vessel to be swung easily j 
around the point of contact (the draghead). In the older Friih ing: 
vessels stern-wells were usual and have many advantages from the pointi 
of view of the arrangement of the machinery, but are much less suited to 
good steering in transverse currents. 4 


Costs. 


During the 2 years which the vesselshas been operating the unit cos 
of dredging per cubic yard of in-situ material dredged and dumped about 
2 sea miles from the cut has been about $0-20 Chinese currency, which 
was equivalent to 3d. This includes depreciation at 8 per cent. compou aC 
discount on the original cost of the ship (roughly £160,000), overhe 
charges, salaries, wages, stores, repairs, and insurance. It does not in-- 
clude any interest or the cost of survey work. a . 

The second vessel will cost nearly 50 per cent. more owing to increased 
prices and the changes in design, so that the unit cost of dredging will also : 
be increased slightly. ce 
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SECTION BB AND 
VIEW LOOKING AFT. 
Length between perpendiculars . . . 360’. o4 
Breadth moulded.,.+.+-.-++s 60.0" 
Depth moulded. . 1... seen 26'.6" 
Maximum draught .......-.+- 18°.0"" 
Maximum dredging depth ..,..+ 45’.0" 


Scale: 1 inch = 24 feet. 
Feet 10 5 10 20 30 40 


THE TWIN-SCREW DRAG-SUCTION HOPPER DREDGER “CHIEN SHE." 
The Institution of Civil Engineers. Journal. June, 1939. 
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a Paper No. 5192. 


“The Subterranean Sources of Water in the City of 
Rangoon.” 


By Herpert Cectt Enear Cuerry, M.Sc., M. Inst. C.B. 
(Ordered by the Council to be published in abstract form.) 


Tue Paper explains that water is raised from underground through tube 
wells for both domestic and industrial purposes, including the replenish- 
ment of the fresh-water tanks of ships in harbour. This supply represent 
40 per cent. of that from catchment-reservoirs distributed by the local 
authority to 280,000 of the population of 400,000, because the latter only 
supplies water to about one-third of the main part of the city, which covers 
an area of 17 square miles, only a fraction of which is at present equipped 
with public sewerage. The relative importance of the subterranean supply 
raised a fear that the existing wells were causing mutual interference, were 
probably drawing on the underground reserve, and were producing at 
times unpotable water (especially from those wells sunk near the tidal 
rivers). In 1932, therefore, legislation was passed necessitating the registra- 
tion of all tube wells, the furnishing to the Government of particulars with 
regard to them, and the need for obtaining a licence for the sinking of all 
future wells. ks 
The administration of this Act has provided useful information regard- 
ng the sizes and depths of wells sunk, the strata through which they have 
passed, and the quantity and purity of the water extracted, and this 
information has been studied by the Author. 
- The topographical features of the city and its geology are described and 
Justrated in the Paper, with particular reference to the location, 
dimensions, and the capacity of the water-bearing strata. A chart is 
given showing the positions of the wells still working, and the relative 
reduced levels of the bottoms of the tubes. The water-tube is discussed, 
together with the effect of the tides thereon. An estimate has been made of 
the total quantity of water extracted, and of the amount of annual replace- 
‘ment from rainfall on the surface. The purposes for which the water is 
used are stated. Particular emphasis is given to the congestion of heavily- 
amped wells in one corner of the city from which the bulk of the under- 
ground water is raised, and the chance of these wells becoming brackish. 


a 1 Copies of the Paper may be obtained on loan from the Loan Library of The - 
Institution ; a limited number of copies is also available, for retention by members, 


‘on application to the Secretary. 
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Engineering details relating to the tube wells, and the methods of sinki 
and operating them, are given. Mention is made of the laboratory 
examination of samples of water taken from all wells at the time of: 
registration, and it is pointed out that the results indicate the need fc 
control in order to ensure that water taken for domestic use is potable. 
is shown how these underground sources might become contaminated and | 
irretrievably ruined by an influx of the saline water lying beneath the fl 
lands of the Irrawaddy river delta surrounding the city. T 

Conclusions are presented with regard to the probable success or other-- 
wise of sinking wells in various regions of the city, the reserve storage being } 
not yet drawn upon, and with regard to the probable continued value of 
an underground water-supply in spite of the fact that the municipal] 
corporation are now constructing an additional large reservoir, which, 
when completed in 1942, will provide a piped supply of fresh water through- 
out the main portion of the city between the tidal rivers which practically 
embrace it. Mention is also made of the availability of underground 
supplies to the north of the city outside its boundaries, which, as now, will 
* continue to be useful sources of supply to the extra-municipal suburbs; 
which are rapidly developing along and between the three main roads 
leading out from the city in that direction. Suggestions are also mad 7 
with regard to the places within the city-boundaries at which suitably 7. 
spaced wells could be advantageously sunk in the future, to the policy: 
needed in that particular area in which large wells drawing vast volumes of 
water for commercial purposes are at present concentrated, and to whence 
the water that is now being drawn from these wells could be obtained 
should extraction in this quarter have to be curtailed or abandoned. 

The Paper has been presented to The Institution with the permission 
of the Government of Burma. 


The Paper is accompanied by three sheets of drawings. 


Notr.—The Institution as a body is not responsible either for 
the statements made, or for the opinions expressed, in the Paper } 
published. “lial 


ENGINEERING RESEARCH. 201 


ENGINEERING RESEARCH. 


THE INSTITUTION RESEARCH COMMITTEE. 


Committee on Wave Pressures. 


w the November 1935 Journal 1 it was announced that a Committee had 
een formed to investigate the problems of wave pressures on sea structures, 
nd proposed preliminary investigations were outlined. Those investigations 
yere duly carried out, and it was reported in the December 1936 Journal ? 
hat they had indicated the value of small-scale model experiments and 
hat a programme of such experiments had accordingly been drawn up in 
ollaboration with the Department of Scientific and Industrial Research. 
‘he initial programme provided for 1 year’s work, to be carried out by 
Dr. C. M. White, of the Imperial College of Science and Technology, 
uondon, at a cost of about £600, The Institution contributing £300. 
lajor R. A. Bagnold subsequently took over the experimental work, under 
he supervision of Dr. White, and the programme was extended for a further 
year (1938-39). Major Bagnold has now prepared a comprehensive report 
m the experimental work so far carried out, which is printed below as an 
nterim Report of the Committee. 

The Committee hope that it may be possible to arrange for the extension 
of the research for a further year to deal with some of the points requiring 
ttention that are listed at the conclusion of the Report. The present 

rsonnel of the Committee is :— 


Sir Leopold Savile, K.0.B. (Chairman). 

A. L. Anderson, C.B. 

Major R. A. Bagnold, M.A. 

- W. T. Halcrow. 

R&R. E-. Stradling, C.B., M.C., Ph.D., D.Sc., Director of the Building 
4 Research Station. 

Assistant Professor C. M. White, B.Sc., Ph.D., of the Imperial 
College of Science and Technology. 


1e Committee wish to record their regret at the loss they have sustained 
by the deaths in 1938 of their fellow-members, Mr. G. G. Lynde and Mr. 
TH. G. Mitchell, whose interest and support in the work of the Com- 

ttee were greatly valued. a 


1 Vol. 1 (1935-36), p. 43. 
2 Vol. 4 (1936-37), p. 310. 
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Interim Report on Wave-Pressure Research. 
By Major Ratpx ALGER Bacnotp, M.A. 
TABLE OF CONTENTS. 


Introduction te 

The model wave-tank . 

Pressure-measurement . 2 

Experimental results . . . . . .. - 
An explanation of the observed shock pressures 
General conclusions concerning shock pressures 
Suggested lines for further research . 


INTRODUCTION. 


THE investigation to be described is an attempt to throw light on the nature 


breaks against it. 
The subject of wave pressures is discussed periodically at the Inter-+ 
national Navigation Congresses. As a result of the Brussels Congress of 


Committee and by the Building Research Station, and was carried out und 
the supervision of Assistant Professor C. M. White, Ph.D., B.Sc., in th 


Technology, London, Experiments were started during the summer of 
1937. The research, which has been confined to model-experiments, 
has been to some extent complementary to the elaborate full-sca 
measurements undertaken by the French Department of Ponts 
Chaussées, with whom close touch has been maintained. | 

The main problem awaiting solution was as follows. It has been known| 
for some years through the work of French and Italian experimenters! 
that two types of pressure are exerted by waves on sea-walls. In deep: 
water the advancing wave does not break, but contact with the wall deflects 
the water upwards as a clapoti. In this case the pressure on the wall at 
any level is merely the hydrostatic head corresponding to the height of the 
top of the clapott. The pressures are therefore small, but they last for 
periods of many seconds while the water is rising and falling. The mathe 
matical theory of the clapoti has been worked out by Sainflou2, and the 


? Previous work is ably summarized in “ Etat actuel des Etudes internationale 
sur les Efforts dus aux Lames”, by A. de Rouville, P. Besson, and P. Pétry. Ann. 
Ponts et Chaussées, vol. 108 (II) (1938), p. 5. 


* “ Essai sur Jes digues maritimes verticales.” Ann. Ponts et Chaussées, vol. 98 
(IT) (1928), p. 5. 4 
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Fig. 2. 


WAVE-MAKING CONTROL-APPARATUS. 


Fig. 4. 


WAVE JUST AFTER IMPACT, 
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esults have been satisfactorily verified both by French investigators at 
Dieppe, and by Italian investigators at Genoa. In localities where the’ 
water-level is constant—for example, in the Mediterranean—a sufficient 
lepth of water is maintained at the wall to ensure that no impact other than 
hat of the clapott type can ever occur. The maximum pressures to be 
lealt with are therefore known as soon as reliable data have been collected 
egarding the maximum waves likely to be encountered. 

Where the tide varies, however, the depth of water at the wall may be 
such that at low tide an oncoming wave may strike the wall at the moment of 
breaking, so that the advancing water face is nearly parallel with that of the 
wall. In this case, although the ultimate fate of the wave is the same as 
before—namely, it forms an upward jet which gives rise to a long-period 
pressure of low intensity—there also occurs, superimposed on the other, a 
shock pressure of great intensity but of very short duration. 

_ Such shock pressures have been recorded at Dieppe up to a maximum 
ralue of 100 Ib. persquareinch. They occurred fitfully, however, and not 
more than 2 per cent. of the waves which struck the measuring apparatus 
pave any pressure at all. Not only has no useful correlation been obtained 
between the pressure maxima and the characteristics of the waves pro- 
lucing them, but no physical explanation has been forthcoming regarding 
iow these pressures can arise. The problem is made more difficult by the 
mtire absence of any theory or mathematical background for the mech- 
anism of the breaking wave. 

_ It was considered that the most fruitful method of studying such a 
sroblem was likely to be the use of a model wave-tank in which the 
haracteristics of the wave causing the pressures could be maintained under 
lose control. 


THe Move, Wave-TANE. 


S ‘The tank is shown in Figs. 1, 2, and 3. It was made of standard pressed 
teel tank-plates 4 feet by 4 feet. The observation section, 12 feet long, 
as made of 3-inch armour-plate glass in panels also 4 feet by 4 feet. 

The wave-making apparatus consisted of a double-acting hydraulic ram 
A (Figs. 3, p. 204) working in trunnions and attached to a lever B pivoted 
+ C. This had external and internal slides D and E, to which were attached 
sonnecting rods to the top and bottom of a plane steel paddle F whose 
veight was supported by two rollers G. The travel of the lever B and its 
peed-variation were controlled by a motor-driven cam shown in Fig. 2, 
which operated the valve gear. The travel of the top and bottom of the 
naddle could be adjusted independently by varying the heights of the two 
lides on the lever B. 

_ The experiments were confined to a single wave driven forward along a 
evel floor, made to break, by means of the sloping beach H, against the 
vall-face J, and reflected back again to meet the next stroke of the paddle, 
yhich meanwhile was held stationary. By altering the.cam-setting and the 
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motor-speed two or more colliding waves could be produced, which travelle« 
to and fro between the point or points of collision and the wall and th 
paddle. Since the water motion of the break (déferlement) seemed to bil 
identical in both cases, however, there appeared to be no point in using 
anything but the one simple wave. i 

The wall consisted of two separate blocks of concrete of sufficient weigh 
to withstand the maximum pressures by themselves without attachment 
the tank sides. In the 4-inch slot between them a }-inch stiffened ste 
plate, K, 15 inches high and 8 inches wide, carrying the piezo-electric un 
L, could slide up and down. This plate was counterbalanced by the wei oh 


M, and was jammed in place by the lever and eccentric pivot N. bi 


ord "Ren, 
wal ea re 
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Fig. 4 (facing p. 203) shows a wave immediately after impact. 
grid lines imposed on the glass tank-walls are 10 centimetres apart. 


PREssURE-MEASUREMENT. 


The piezo-electric unit L (Figs. 3) consisted of a stainless-steel capsu k 
shown in detail in Fi. 5, containing a pair of quartz crystals. The ca psu 
was mounted in a heavy brass plug. The electric charge produced by th 
mechanical compression of the crystals was conveyed to a two-valy 
amplifier through a screened cable of low capacity and high insulati 
resistance. The amplified impulses were fed through a second 4d 
current paraphase amplifier to a cathode-ray oscillograph, equipped wi 

_ time-base capable of giving any required spot-frequency. The most 
venient spot-frequency was found to be 50 cycles per second. The wh 


a 
a 
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ee iccsnitg apparatus was found to be practically aperiodic, and to 
capable of response to shocks—produced by small direct metallic blows 
n the capsule face—of considerably shorter duration than any that were 
pgistered by wave-impacts. 

- Calibration was effected by screwing a pneumatic cap, connected with a 
auge and pump, to the front of the unit. With the 12-centimetre cathode- 
ay tube used the most convenient amplification gave spot-deflexions of 
centimetre for each 10 Ib. per square inch pressure. 

_ After trials with various early forms of capsule and connexions little 
fficulty was experienced in handling the extremely minute electric 
harges involved in the piezo-electric method of pressure-measurement, 
yen under the adverse watery conditions in which the work was carried out. 


Fig. 5. 
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Since no satisfactory method could be found whereby the cathode spot 
d be released automatically at the moment“of wave-impact, photo- 
hic records were taken by operating the camera by hand while watching 
pproaching wave. The only disadvantages of this simple method were 
e pressure-peaks might occur at any point along the horizontal sweep 
e spot, and (ii) the spot made several blank sweeps during the exposure 
d and so produced a continuous and somewhat heavy trace along the 


xis of zero pressure. 


EXPERIMENTAL RESULTS. 


Breaking Wave. 
_ The following general picture was obtained by means of visual observa- 
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tion, aided by a slow-motion cinematograph film of the types of in-shora 
water movement which may occur. 

The Partial Break (“ white horse ’’).—A pure water wave of constam 
velocity and wave-length appears to exist only as a mathematical abst Ke 
tion. Over a uniform horizontal bottom such a wave would travel un 
changed in cross-sectional form. In nature a wave is composed of many 
components which may vary widely in wave-length and amplitude. ] 
has long been known that when the amplitude of a wave exceeds abou 


from the combined summit as a thin jet of water (Fig. 6). The jet curl 


Fig. 6. 


over on one side or the other, and its energy is dissipated in a turbulent 
disturbance of the surface. If the wind-pressure is negligible, the side on 
which the jet collapses depends on its initial inclination, and this is always 
away from the component wave whose amplitude is the greater. T 
angle of the initial inclination from the vertical appears to vary with th 
ratio of the two amplitudes. This production of ‘‘ white horses” — 
therefore not the direct result of wind-pressure, but is the mechanisi 
whereby the excess of energy produced by the amalgamation of two wav 
is dissipated. 
The curling-over of the jet containing the energy which the wave can 1 
longer retain is called a “ break.’’ The “‘ white horse ” is a partial brea 
When the whole wave becomes unstable, however, its energy is, if space’ 
available, dissipated altogether in a full break. A partial break may 
occur by the superposition of any two or more waves, whatever thei 
respective wave-lengths may be, and a small parasitic wavelet may cat se a 
partial break when it is raised to the summit of a larger wave of sufficien 
amplitude-ratio. : 7 
Refleaion from a Wall (Clapoti)—The ejection of excess energy when 
two waves meet occurs whether they are travelling in the same or ii 
opposite directions with regard to the bottom. In the latter case, hoy 
ever, the sense of rotation of the water particles differs, so that the resul bis 
not quite the same, unless the two amplitudes are very different. Wher 
a wave is reflected from a vertical wall and meets its oncoming fellow, the 
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pposite sense of rotation of the water particles produces a more sym- 
tia jet. If the two waves are of nearly equal amplitude the jet rises 
rtically, and, being broader at the base, collapses on itself instead of 
urling over. Hence its energy is not dissipated in turbulence. 

_ Two distinct wave-motions result, depending on the ratio of the wave- 
sngth to the water-depth ; that is, on whether the waves are “ surface 
aves” or “ long waves” (shallow water). In the case of surface waves, 
hen the water particles have a nearly circular motion, and the effect of 
he bottom can be neglected, reflexion produces true standing waves or 
ppotis (Fig. 7). Here the wave-peak has no horizontal motion, and the 
entre of curvature of the rest of the surface is always above the surface. 


er 


Fig. 7. 


"In the case of long waves, the collapse of the jet or clapoti forms two 
ravelling waves which move away in either direction from the site of the 
st, as shown in Fig. 8. The subsequent collision of pairs of these travelling 


ves gives rise to a second set of clapotis, and so on. At the wall, therefore, 
ne effect is the same as if a succession of single travelling waves were to 
lyance against it. 

Full Break on Beach—When a travelling surface wave advances 
ficiently far over a gently rising bottom, it tends to become a long wave 
hen the water-depth is less than about a quarter of a wave-length. The 
ip / : ga 
elocity, which was originally a function of the wave-length only ( U= i) ; 
scomes, when the depth is small, a function of the depth only (U = Vv. gH). 
- The complete expression for the velocity in any depth of water 1s 

ie = tanh seal 


2 
‘ A 
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neglecting the effects of surface-tension. Hence, as the bottom rise 
the wave is slowed up, and the wave-length is decreased. The energ} 
the wave is maintained by a change in the wave-form, the amplitt 
increasing to offset the reduction in velocity, until the limit of stabilit 
reached at an amplitude/wave-length ratio of about 1/7. 

If the slope of the bottom is steep (Fig. 9), however, the wave has ni 
time to adjust either its velocity or its amplitude, both of which remaii 
nearly constant (the velocity being taken as that of the summit). Th 
wave-front steepens very rapidly, till it becomes vertical. The wa tel 
below, which would, but for the bottom, have been pushed on ahead, i 
now scooped up the wave-front towards the top, as indicated by the arrow 
in the figure. The wave-energy again tends to be driven out in the form 
a jet, but in this case, since there is no second wave, the jet is horizontas 
The jet advances at nearly twice the velocity of the wave summit, and fal 
to the beach where the whole wave finally dissipates itself in a series 
vortices. . 
Defining the position of the break on the beach with regard to the s 


a 
, 


front first becomes vertical, this position depends on the beach-angle an | 
on the characteristics of the original wave. Unfortunately the position i 
also very sensitive indeed to other factors which are hard to define. Th 
chief of these are (i) the amplitudes and phase-relations of the randon 
wavelets which are present on the water-surface before the arrival of th: 
wave ; (ii) the strength of the current of water flowing down the bes , 
from the wash of the last wave ; and (iii) the surface-roughness and irregu 
larity of the beach. 
The first and most important of these factors, in addition to affectin; 
the position of the break, also considerably complicates its action, for vi : 
often a partial break will occur at the crest just before the main jet shoul 
otherwise develop. In view of the fact that no natural sea wave is @ e 
free from these haphazard complications, it was not thought worth whil 
to attempt any quantitative work on the relations between the char 
teristics of the main wave, the beach-angle, and the break position. el 
Full Break against a Wall.—If the bottom terminates in a vertical wal 
whose base is permanently submerged, the advancing wave, whether i 
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ae 
originates far away or results from a reflexion of the type shown in Fig. 8 
(p. 207), has three possible fates :— 


fe (i) The break may occur so early that the jet has collapsed before 


Fig. 10. 


(ii) If the break occurs later, the jet A (Figs. 11 (a) ) may strike the 
wall before it falls (Figs. 11(6)). In doing so it encloses a large cushion of 
air B between the wall and the lower part C of the wave-front. As this 
ncave front advances, the air is compressed, and finally bursts upwards 
th a low booming sound and with the formation of much spray. The 


sequent history of the break is shown in Figs. 11 (c) and (d). It should 

be noticed here that the water-line E is lower than the general level of the 
face in front of and behind the wave before it begins to break. 

A still later break is shown in Fig. 12 (p. 210). This is the only case 


se from its lowest position before contact has been made at A.~ The 


which the shock pressures appear ever to be produced. The air cushion 
uch thinner in the horizontal direction, and the water-line KH has begun ~ 


210 ENGINEERING RESEARCH. 


noise of the break is higher and sharper. . 

The velocity of rise of the water-line E is very great, and if the bre 
happens a fraction of a second too late, E has reached the level of A before 
contact has been made. There is now no break at all, no air is enclosed; 


height of the cushion is therefore shorter in the vertical direction. i 
ali 


Fig. 12. 


and there is no noise or shock. The water-line E runs steadily up the wall 
The wave has now become, in effect, one-half of a clapott. 

The condition necessary for the production of shock pressures, that is 
a very flat vertical wave-front, enclosing a thin cushion of air betwee 
itself and the wall, can only exist for a very short period of time. 
condition is therefore extremely critical. 


Shock Pressures Observed. 


Shock pressures exceeding 10 times the long-period hydrostatic pres- 
sures had, as previously stated, been recorded by the French investigator 
at Dieppe, but attempts to correlate the pressure maxima with the observed 
characteristics of the waves causing them had failed completely. It was 


Fig. 13. | 


Level with wave 17" 


hoped that in the model-tank, with wave-production under control, i 
would be possible to find this correlation, or at least to repeat at will shock 
pressures of constant maximum values, so that their distribution over t] 
wall could be accurately explored. Accuracy of repetition being the first 
essential, attention has been concentrated on that form of wave whicl 
was found to give the most consistent results. The arrangement is shc 
in Fig. 13. A single wave was made to travel from the paddle to the wall 
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where the break was caused by the slope of the beach. After reflexion 
he wave travelled back to the paddle, which had remained stationary the 
while, and which was timed to make another stroke at the right moment to 
rive the same wave forward once more. The wave-amplitude was 10 
nches, the velocity of its summit was 6-8 feet per second, and the velocity 
wf the vertical wave-front just before impact was 8 feet per second. 

_ At the outset hydraulic power to the wave-making paddle was controlled 
by the speed of a direct-current motor driven off the mains. Although a 
breaking wave of constant amplitude could then be repeated indefinitely, 
he mains-voltage fluctuation of some 3 per cent. made it impossible to 
ontrol the position and timing of the break well enough to maintain a 
uccession of impacts which would all give measurable shock pressures. 
fhe shock pressures, as in the French work, occurred fitfully. In 90 per 
tent. of the impacts there were no shock pressures at all; the majority of 
he shock pressures when they did occur did not exceed 10 lb. per square 
meh, but very occasionally maxima as great as 35 lb. per square inch were 
»bserved. 

_ A synchronous motor and a “ Positive Infinitely Variable ” gear for 
peed-control were then installed, and after a great deal of time had been 
pent in adjusting the wave-making apparatus, shock pressures could be 
ybtained at every wave-impact. The necessary conditions were so critical 
hat an alteration of but 0-3 per cent. in the paddle timing was sufficient to 
ake the pressures disappear altogether. 

The variation in the values of the pressure maxima from impact to 
pact was, however, still found to be as great as ever. Increasing the 
obability of their occurrence had only led to increasing the probability 
at still higher pressures would occasionally be observed. The highest 
sure recorded was 80 Ib, per square inch (visual observation only). 
‘ypical oscillograms are reproduced in Figs. 14, Plate 1. Cathode-ray 
tures of much higher pressure peaks have been observed visually, and 
mined in greater detail by the use of faster spot-frequencies. Reduced 
‘the same time-scale as the photographs, such curves are typified in 
15, Plate 1. These high pressures happened so seldom that un- 
nately, in spite of several hundreds of exposures, no photograph of 

m has been secured. ; 

_. From an examination of a large number of plates, and from the impres- 
m gained from the visual observation of a far larger number of cathode- 
"ay pictures, when considered together with the simultaneous observation 
the breaking wave itself, five conclusions have been drawn :— 

_ (1) The shock pressures occur only when the shape of the advancing 
ave-front is such as to enclose an air cushion between it and the wall. 
e pressures are negligible when the thickness of this cushion outwards 


creasing thickness of the air cushion. : 
(2) The great variation in the pressure maxima from impact to impact, 


m the wall exceeds half its height, but they increase in intensity with 


‘ 


212 ENGINEERING RESEARCH. 


even when to all appearances one wave is indistinguishable from another, 
must be due to a variation in the mean thickness of the air cushion arising; 
from random irregularities in the relief of the concave water face as it meet 
the wall. These irregularities are inevitable. They are due to sma 
parasitic wavelets, caused by the disturbances of the last wave-impact, of 
the paddle, and of partial breaks occurring at the wave crest during its 
journey from the paddle to the wall. } 
(3) Although the magnitude of the pressure-peaks varies enormo 
from impact to impact, the area enclosed by the pressure-time ¢ 
tends to approach, and never to exceed, a definite value. Thus a pressul 
which rises to a high peak value lasts for a shorter time than does a lower 
pressure. 
(4) The horizontal zone along the wall on which the pressures a 


Ts 
ee 


exerted was explored by sliding the steel wall-plate containing the piezo 
capsule up and down the wall. Notwithstanding the difficulty in obtaining 
satisfactory repetitions of the phenomenon, it is very clear that both the 
high pressure-peaks and the maximum pressure-time areas only happe 
over the zone occupied by the aircushion. The height of this zone, betweem 
A and E in Fg. 12 (p. 210), varied from 3 to 4 inches. Above A no shock 
pressures have been observed, and below E both the pressure maxima and 
the areas of the curves fell off rapidly with increasing depth. Near 
bottom the oscillograms merged into those due to the long-period hydro 
static pressures. 

(5) The maximum shock pressures ever observed in the model-tank 
have not exceeded one-sixth of the theoretical pressures possible if a tru 
‘ water-hammer”’ were to occur. In the case of the French full-sca 
measurements the corresponding fraction is one-fourteenth. The ft 
duration of the pressure in both cases always exceeds by 10 times, and 
generally by considerably more, the period required by the usual “ water- 
hammer” theory. On this theory the duration of the pressure should be 
the time taken by a wave of compression to travel with the speed of soutid 
in water (4,000 feet per second) from the seat of the impact to the nearest 
free surface at which the compression of the water can be relieved. On the 
other hand, as will appear later, all the observed facts seem to be consistent 
with the view that the energy of the impact in the case of the breaking wave 
is stored, not in the compression of the water, but in the compression of the 
air cushion. ‘| 


An EXPLANATION OF THE OBSERVED SHOCK PRESSURES. 

The “ Kinetic Mass” of Water. 
The physics of the production of short-period shock pressures by a 
breaking wave is not amenable to direct mathematical approach, becai 
as long as the mathematical problem of the breaking wave itself remain: 


7 
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unsolved the initial conditions of the impact cannot be defined. The 
eneral principles which must be involved in the impact can, however, be 
stated fairly simply ; then, by assuming empirical values for the dimensions 
of a certain real but indefinite volume of water, now to be discussed, useful 
quantitative results can be obtained. 

_ The motion of a body through a fluid at rest necessitates motion also 
on the part of that portion of the fluid which surrounds the body. To an 
observer moving with the body, the movement of the surrounding fluid 
ould appear as sketched in F%g. 16. Hence, in order to impart to the body 
velocity u, kinetic energy must be given not only to the body, but to that 
volume of the fluid which is associated with the motion. The fluid velocity 
varies from point to point within this volume, and the volume is therefore 
indefinite in extent. It is convenient to imagine an equivalent volume in 


Fig. 16. 


e form of a column of fluid of cross section A equal to that of the body, 
d of length K in the direction of the motion. This conventionalized 
duid column is supposed to be such that if all the particles in it move with 
he velocity u of the body, the total kinetic energy remains the same as 
the case of the real fluid. The associated fluid has, in fact, been replaced 
a solid cylinder of the same density. Since this cylinder has a mass 
1K (which may be called the “ kinetic mass”), it follows that, if the body 
be given an acceleration = an additional force F = 4K - is required in 
der to accelerate the mass of the associated fluid. The fictitious length 
epends both on the dimensions and on the shape of the body. Fora 
re the associated volume of water is known to be half the volume of the 
here. If this volume is replaced by a cylinder of the same diameter d as 


2d 
phere, its length K is equal to 3: = 
If the body forms part of an otherwise stationary wall, as in Fag. 17, 
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. du . 
and begins to move forward with an acceleration We there must a 


be an opposing force pAk a ug due to the inertia of the mass pAK of ass 


ciated water. Here K is some unknown length, which must, however, Bi e 


Fig. 17. 


of the same order as the dimension of the accelerated face. It seems likel 
that K depends only on the boundary conditions, and remains constant 
all accelerations as long as the displacement of the face remains inappre 
ciable. 
The kinetic mass pAK, or rather the mass of the real but indefinite 
- volume of water to which it is equivalent, exists as a separate entity, | 
distinct from the mass of the rest of the fluid, only by virtue of an accelera 
tion of the boundary with which it is in contact. The boundary need n 
of necessity be the surface of a solid body ; acceleration of the boundary, 
and therefore of the kinetic mass associated with it, can equally well be 
brought about if the solid body is replaced by a cushion of air at a higher 
hydrostatic pressure. Moreover, the kinetic mass must also appear in the 
reverse case when an advancing body of water is retarded. | 
The system shown in Fig. 18is that of steady flow against an infinite plate 
with a slot init. It represents an idealized case of a breaking wave a ver 
short time after the jet A of Fig. 12 (p. 210) has made contact with the wal 
and has enclosed a cushion of air whose outer surface is ACE. At the outset 
this cushion is at atmospheric pressure, and offers no resistance to the a 
vancing water, which therefore behaves as if the slot AE were open. A 
the air is compressed, however, the force on the surface ACE due to 
increasing air-pressure begins to displace the streamlines to the ultin 
configuration shown in Fig. 19. Thus the retardation of the water is e 
the rate of displacement of the streamlines, and it is clear that the e 
_ must be felt as a pressure on the wall beyond the limits of the air cush 
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The nature of the fiction of the “ kinetic mass ” is now apparent. Tor the 


xtensive and indefinite volume in which the displacement occurs there has 
been substituted a cylinder of water bounded by the streamlines J and I 
projecting outwards from the surface ACK for a distance K. This cylinder 
8 supposed to be solid, and to be advancing at the same rate as the mean 


Fig. 18. 


surface ACE. At the end of the compression the cylinder is brought to 
rest, and this is equivalent to the streamlines of the real water having 
eached their ultimate configuration. 

_ Ifthe length K can be found experimentally as an empirical function of 
some measurable quantity, the problem of the duration of the compression 
ind the maximum pressure produced becomes, by the above artifice, the 


Fig. 19. 


. aightforward problem of the retardation of a cylinder of water of unit 
oss section and length K which enters with initial velocity U the mouth of 
1 cup of depth D containing air initially at atmospheric pressure (Fig. 20, 
p. 216). 


ME Shock Momentum and the Length K. 


e force of the wall acting for the long period during which the water is 


The total forward momentum of the advancing wave is destroyed by es 
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rising to the top of the jet. Hence the time-integral of the force on un 


re 


length of the whole wall must clearly be equal to the total momentum 0} 
unit transverse length of the advancing wave. The time-integral of 
force during the fall of the water jet must similarly correspond to th 
momentum of the reflected wave. Both of these forces are distributed o soi 


eo 


a great height and over a long period of time, however, and the pressure i 
alll 


any point is consequently small. 
In the case of a breaking wave, when an air cushion is enclosed a sm 
portion of the momentum of the wave is destroyed very rapidly owing to 
the instantaneous application of a large compressed-air force over 4 smé i 
but finite area of the water surface. The value of the momentum so des- 
troyed must be pUK per unit of superficial area of the air cushion, and thi 
must be equal to the time-integral of the local pressure on the wall. Th 


Fig. 20. 
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value of this time-integral can be measured directly from the oscillograms 
and the velocity of advance U is also known. Hence the length K can be 
found very simply : 


It has already been noted that the areas of the pressure—time ¢ 
obtained from the model-waves approach and never exceed a defini 
limit. This applies also to that portion of the curve between its beginnin 
and its peak ; that is, to the portion which, it seems reasonable to suppos 
corresponds to the destruction of the original momentum of the kinetic 
mass of water involved in the impact. In the model-experiments, the area 
of this part of the curves gave a time-integral which approached a limit of 
2-59 lb.-seconds per square foot. Hence, since the velocity U was 8 feet 
per second, a value of 0-166 foot, or 2 inches, is obtained for K. This is 
just half the observed height AE of the air cushion (and may be comparé 
with the corresponding figure of two-thirds for a sphere). Since the height 
AE was found to be 0-4 times the wave-amplitude for those waves whieh 
gave appreciable shock pressures, it appears that the length K is empirically 
one-fifth of the wave-amplitude. 

It is interesting at this point to apply the empirical value for K whic 
the above ideas suggest to the case of the real waves whose impulses have 


il 


‘ 
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een recorded in the French report referred to on p. 202. Data for seven 
vaves are tabulated in columns 1 to 7 of Table I. The figures for the 
nomentum per unit area in column 7 are obtained by measuring the areas 
inder the compression portions of the pressure—time curves given in the 
eport. They are, therefore, entirely independent of any-data other than 
he pressure actually measured on the sea-wall. The same momentum is 

ived at in column 8 from the measured velocity and amplitude of the 
vaves, and from the empirical relation found from the model-work connect- 
ng the mean length K of the kinetic mass with the amplitude of the wave. 


Tassie I. 
Identification. Wave Data. en Ee ae 
m wall: lbs./ft. sec. 
Col. (1) Col. (2) Col. (3) | Col. (4) | Col. (5) | Col. (6) Col. (7) | Col. (8) 
une of en 
instru- A elocity max. 
Time: ent: |,A™mPl: | G7: feet | K=2h/5: | 
mee Date. hr. min. metres ieee ; fer fate J 0 pdt! pUK 
above i second 
datum 
(observ- | (calcula- 
; ed ted) 
2/12/35 ie 12 5-34 14-6 26-6 2-92 1,740 4,960 
12 15 4:37 14-6 26-6 2-92 2,050 4,960 
: 14 08 4:37 9-75 19-5 1:95 3,050 2,440 
| 4/12/35 . 14 09 4-37 9-75 19-5 1-95 1,620 2,440 
ij 14 50 4:37 9-75 19-5 1:95 2,150 2,440 
18/12/35 . 13 35 4-37 13-0 23-0 2-6 3,400 3,840 
_ 23/2/37. 12 37 4-37 8-12 22-0 1-62 2,420 2,260 


In the French work attention was paid to the magnitude of the peak 
sressures rather than to that of the shock momenta, and the sample curves 
given in the report were presumably selected with the peak pressure in 
1 ind. It is the more satisfactory, therefore, that the shock momenta as 
srived from the pressure curves should show agreement with those which 
ere derived from the wave-data by means of a relation found from model- 
periments on one-twelfth the scale. It should be noted that the figures 
“column 8 should, according to the model-results, give the maximum 
impulse that a wave of a given amplitude and velocity can produce, 
whereas the figures in column 7 may range from zero up to this maximum 
according to the chance condition of the water surface at the moment of 
apact. It will be seen that the limit in column 8 has indeed been exceeded 
two cases, and it is possible that the maximum value to be allowed for K 
ay have to be made slightly greater than 2h/5. 


The Rise of Pressure. The Compression of the Air Cushion, and the Duration 
of the Impact. F 
i. Having arrived at an empirical method of calculating the length of the 
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horizontal water column involved in the impact on unit area of the wall 


brought to rest.. 
The water column can be regarded as a solid plunger of length Ki 
entering, at an initial velocity U, a cup of depth D containing air initial 
at atmospheric pressure pp. If the distance from the bottom of the cup ta 
the head of the plunger is denoted by 2, then for the pressure of the e 
closed air i 
p = Az~Y, where A = poDY, 
and for the motion of the plunger 


dx 
p = pK7, + Po- 


Hence the equation of motion of the plunger is 


On integration this gives 


dx\2 2A 
pss iL — 
ek (5) 5 i” Ye oho C 
When x = D, dx/dt = U. So, substituting the appropriate terms for ¢, 
nf (F) v2 2A IC: (y~1) 5) 
dt (vy — 1)pK|\e D 


2 | 
+ aK (D2) ae | 


In the case of isothermal compression, where y = 1, the corresponding 
equation 1s 


‘dax\ 2 24, D ® 
wm (F) = 08 — Flog 2 + PD — 9 - « vo 2a 


Assuming that the compression is adiabatic, the time t is given by a second 
integration, ; 


ok | dx 
Cc ee ee 
p/P fi pK 147 /1\0°4 1 \0'4 . 
: —U2 — -}) —[= — 
ha ake ee au (;) (7) I+ his =} 
This second integration for ¢ has not been achieved, but a number of 


typical pressure-time curves have been computed by graphical integration 
Two families of these curves are given in Figs. 21 (a) and (b), Plate 1. In 


(3 


~— 
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Vi 

ach set of curves both the velocity of advance U and the length K of the 
. column have been kept constant, and the thickness D of the air 
ushion has been varied. In Figs. 21 (a), Plate 1, U and K correspond to the 
onditions in the model-tank, and in Figs. 21 (b), Plate 1, they correspond 
o the mean of the full-scale conditions in the French report. 


_ Over the range considered from 2 to 10 atmospheres :— 


(a) The peak pressure is given within + 10 per cent. by 


U2K 
Gra Po) = 2-7 D 


in any consistent units. 


- (b) The whole duration of the compression approximates, for high peak 
pressures, to the time taken by the water front to travel the 
distance D at the initial speed U, but for low pressures the 


duration is relatively shorter. If T= ap has a value of 1-1 


for a peak pressure of 60 Ib. per square inch, of 1-7 for a pressure 
of 20 Ib. per square inch, and of 3 for a pressure of 7-5 lb. per 
square inch. This provides a simple means of estimating the 
thickness of the air cushion from the pressure curves. 

(c) The area under the curve is constant as long as the product UK 
remains constant, no matter what may be the thickness D of the 
air cushion. This is obvious from the assumed simplified physics 
of the plunger and cup, for the value of fp. dt must be equal 
to the initial momentum pUK under any conditions of com- 
pression. Under the actual conditions of wave-impact it is 


2 probable that the compression-index y varies during the com- 
3 pression, and that rapid cooling may reduce y to unity 
a (isothermal compression) towards the end of the stroke. This 


will affect the shape of the curve, but not the value of fp . dt. 

It is likely, too, that there will be a preliminary small but 
gradual rise of pressure while the initial shape of the water front 
becomes modified by the enclosure of the air cushion. The fate 
of the air cushion during the compression is still not clear, as 
observation is difficult owing to the very rapid movement of 
the water surface. Immediately afterwards, however, the air 
appears in the form of small isolated bubbles. From this it 
seems likely that the water front becomes unstable during its 
retardation, and breaks up into little jets, as sketched in Figs. 
; 22 (p. 220). Since all such jets will certainly not strike the wall 
3 - at the same instant, the pressure at any one point on the wall 
: ; is likely to be built up in a series of steps as the pressures propa- 
iy 


compression immediately over the recording instrument. 


gated from surrounding compressions reinforce that of the 


- 
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Figs. 21 (a) and (b), Plate 1, may be compared with the actual oscillogra 
obtained from both model- and real waves. Those for the model are g 


given in the French report have been reproduced in Figs. 23, Plate 1@ 
each case the calculated curves have been drawn on the same relative scale 


Figs. 22. 
(a) (d) z 


of pressure and time as the corresponding oscillograms. As far as th 
compression side is concerned, there is close agreement both as regards th 
general shape of the curves and the duration of the compression. 


The Fall of Pressure. 


If the compressive pressure is that required to absorb the momentu 
pUK, then the subsequent expansion must recreate a corresponding ou 
_ ward momentum in the water. 

It will be seen from the oscillograms that the fall of pressure after the: 
peak has been reached is more irregular and more varied in form than tl 
rise. The general shape of the curve strongly supports the view that. 
expansion of air follows the initial compression, and that the cycle is repeate 
as a damped oscillation. That this volumetric oscillation really occurs 
between the water and the enclosed air, and is not an instrumental effect, 
is borne out (a) by the large variation in its period, even though no part © 
the apparatus was altered during the series, and (0) by the fact that the same 
general pattern is seen in the French curves, where the time-scale is 10 
times as long. ’ 

In addition to this phenomenon, however, there are many instances | : 
which a sharp initial rise of pressure is followed by a second longer peri 
during which high pressure is maintained. These cases, it should be no 
only occur when the time-integral for the initial pressure-rise is sn 
compared with the momentum limit set by the dimensions of the wave. 
It seems reasonable to suppose that in these cases a small local jet of water 
strikes the recording instrument first, enclosing but a thin air cushion, a 
producing a short rapid pressure-rise. This is followed by the main cor 
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ression, which occurs over a much larger area simultaneously, and there- 
re involves a greater kinetic mass of water. If this main compression 
closes a thick air cushion (ratio K/D approaching unity), and if its peak 
ecurs during the expansion of the earlier local shock, the effect is likely to 
€ a pressure picture such as No. 10 of Figs. 14, Plate 1. 

It is therefore difficult to draw the dividing line between compression 
md expansion; the net result may be that due to pressures rising and 
ing in different areas at different times. From the practical stand- 
oint it is probably more convenient to consider only the total impulse, as 
presented by the area under the whole pressure-time curve. It appears 
rom the curves that the maximum value of this total impulse is given by 
erely doubling the value of pUK. 


>robability of the Occurrence of High Shock Pressures. 


_ Under the idealized conditions in which a single continuous cushion of 
ir is evenly compressed by a smooth face of advancing water, the prob- 
bility of the occurrence of a pressure peak exceeding any given value 
an be estimated at once: it is only necessary to postulate a varying 
tccession of waves such that there are equal chances that the thickness of 
he air cushion enclosed has any random value between D = 0 and D = K. 
“hen since for a constant wave-velocity U the value of the pressure peak 
aries as K/D, the chances of any pressure higher than that corresponding 
9 any particular value of D are simply 1 to K/D. For example, in 
s. 21 (a), Plate 1, the value of K/D which gives a pressure of 36 lb. per 
quare inch is 16-6, so that the chances that a pressure exceeding 36 lb. 
er square inch will occur should be 1 to 16-6. Actually, however, obser- 
tion shows that the chances are very much smaller, and the reason is not 
az to seek: the initial assumption of a continuous smooth advancing 
ter face can rarely, if ever, be fulfilled. The water surface must always 
ontain irregularities and prominences. Suppose that in the above 
uccession of waves the distance by which these prominences project in 
ront of the general surface is denoted by s. Then it is clear that the air 
shion can never be continuous if its initial thickness D is less than s. 
[In the above example, for instance, where the mean value of D is 3 inch, 
nstantaneous compression will not occur evenly over the whole area covered 

ay the cushion unless the prominences on the water face are less than 

7 nch high. Thus for the very small values of D which alone can give rise 

(0 high shock pressures, the cushion must in general be split up into a_ 
sumber of isolated air pockets, the compression of which will very rarely 
cur simultaneously. Hence the compression of one such pocket must 
general be relieved by a sideways movement of the pocket along the 

all into a region of lower pressure where the compression has not yet 
eeded so far. : 
This raises the paradox that under atmospheric conditions, if the air 


08 


+ 


_ do not overlap ; that is, provided that the upward velocity of the wai 
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cushion is absent, or if the air in it is allowed to escape, the shock pressure, 
far from becoming more violent, disappears altogether. 2 
The explanation seems to lie in the fact that, whereas in the case of 
the compression of the air cushion pressure is applied simultaneously oy 
a finite water surface, in the latter case it is applied successively over 


a 
different filaments of that surface. Fig. 24 is an enlarged section of a 
water-air-solid junction at the edge of a real or potential air pocket. 7 
water surface above the contact-line E is supposed to be advanen 
unchecked with velocity U, and the water particles below E and close tor 


toi 
the wall can have no horizontal velocity. The wedge of air ABE is push ed 


D 


upwards, supposedly without offering any appreciable back-pressure to thes 
movement of the water. The water surface AE may be imagined ’ 
consist of an infinite number of parallel filaments perpendicular to tl he 


Y-9 
a 


the wall at E the momentum of the water in it and behind it is destroyet 
and the water particles are deflected upwards. At the moment of th 
impact, however, there is no pressure above E, neither is there any press Ire 
below E other than a small hydrostatic pressure. Hence at any one 
instant of time a shock pressure can only occur along the actual contac 
line E. Further, since (a) the pressure there is in any case limited to t 
finite value set by the known true water-hammer pressure correspond n 
to the velocity U, and (b) the pressure occurs at any one instant of tiz | 
only over the infinitesimal width of one filament, the force on the wall. 
E at any time must itself be infinitesimal. | - | 
This appears to hold good provided that the successive time-instante 


“line E is less than the velocity cy of the propagation of sound in wa 
That the upward velocity could ever exceed this value is highly improbal 
for even if the presence of the wedge of air is neglected altogether. 
vacuum-conditions are assumed, the velocity of E could only ex . 
if the angle AEB in Fig. 24 were less than tan -1 Ulew: for a pra 
value of 20 feet per second for U, the critical angle is found to be 


~ 


re 


ee 
rs 
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: minutes of arc. In a vacuum, therefore, true water-hammer pressures 
20uld ensue over a finite area, if the water surface is very nearly parallel 
0 the wall. The presence of atmospheric air must make a considerable 
ifference, however, even though it be free to escape upwards, for the 
elocity c, of the propagation of a displacement in air is only a quarter of 
hatin water. Hence, for angles AEB of less than 4 times the above value, 
he air in the wedge could not get away without checking the advance of 
he water by the exertion of a back-pressure. It therefore appears that 
nder atmospheric conditions true water-hammer pressures can never occur 
o a free unrestricted impact between a body of water and a solid, because 
here must always be an air cushion interposed. 

On the other hand, the presence of air may entirely alter the argument — 
at with contact-angles greater than tan —1U/c, no finite shock pres- 
ire can occur anywhere ; for, once the air becomes compressed, either by 
ecoming enclosed or by being unable to get away in time (when the angle 
EB is less than tan-1U/c,), the instantaneous pressure on the wall, 
stead of being limited to an infinitesimal area at E, is distributed over the 
hole surface in contact with the air. As a result, there is a sudden 
estruction of water momentum over a finite and large area, and a con- 
equent large compressive force. 

The above ideas are crudely expressed, but a rigid treatment is impos- 

ble in the absence of any mathematical background defining the true 
aotion of the water. 
There remains the question of why the maximum shock pressures 
ecorded for full-scale waves are relatively so small compared with those 
bserved in the model-experiments. The peak pressures, assuming 
diabatic compression, are given approximately by 


U2K 
j (max — Po) = 27 


{ appears to be proportional to the wave-amplitude, and U? is 
pproximately proportional to the water-depth. Hence, assuming the 
ame probability modulus, it would be expected that if the wave-shape is 
imilar the peak pressures observed should be proportional to the general 
inear scale of the phenomena. Since the model-pressures reached a 
jaximum value of 80 Ib. per square inch and the linear-scale ratio was 12, 
ull-scale pressures of 1,000 lb. per square inch ought to have been en- 
ountered, whereas the highest pressure peak recorded by the French is 
nly 100 Ib. per square inch. 

- Whilst much of the discrepancy could no doubt be explained by the 
= number of waves of the required shape and timing observed in the 
o work, yet the main cause is probably to be found in the very different — 
sical properties of the surfaces of sea-water and fresh water. Tn sea~ 


ontrolled full-scale conditions under which the French were obliged z 
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water the permanence of air—-water emulsions, and of froths and foanth ii 
far greater than in the case of fresh water, and in the violently-dist 
water near a sea wall the volume of cellular air associated with the brea 
is by common experience very large. This air must of itself form an eff ‘ 
tive cushion, whether or not any additional continuous cushion i is 
enclosed between the wave front and the wall. 
The volume needed to prevent any high pressure peaks from occurring 
is quite small. With the typical values of U and K taken for the pres rT 
curves of Figs. 21 (b), Plate 1, the value of D corresponding to a press 
peak of 100 lb. per square inch is only 0-36 foot, or 4-3 inches, and it is! no 
unreasonable to suppose that the equivalent thickness of the air enclose 
in the internal emulsion and in the external foam is rarely much less the 
this. Unfortunately, no figures are available. : 
If this reasoning is correct, the ultimate limit to the intensity of ' 
shock pressures exerted on a sea wall is set by the quantity of air locked dis 
and on the surface of the wave before impact. Since the foam-formi in 
properties of the water are very sensitive to its organic and mineral conte 
it is likely that the ultimate pressure-limit varies greatly with the gi e 
Boppce locality. 


GENERAL ConcLusions CoNCERNING SHOCK PRESSURES. 


(1) The shock pressure exerted by a breaking wave is due to the violen 
simultaneous retardation of a certain limited mass of water which is broug 
to rest by the action of a thin cushion of air, which in the process becom 
compressed by the advancing wave front. The volume of water concern 
is approximately equal to that of a horizontal column whose cross secti 
parallel to the wall is that of the frontal aspect of the air cushion, anda whos! 
length K is half the vertical width of the cushion. Shock pressures soi | 
10 times greater than the ordinary hydrostatic wave-pressure can P 
generated in this way. 

(2) The pressure set up is determined by the initial velocity of appro: 
U of this water column, by its length K, and by the mean initial thickn 
D of the air cushion. The pressure at any moment during the impact e 
readily be calculated from these three quantities by regarding the wa 
column as a heavy free piston which compresses the air cushion adiabat 
_ ally. The maximum pressure is given approximately by 


, 


K 
(Pmax — Po) = 2-TpU?>. 


(3) The greatest pressure-maxima therefore occur only when the thi 

ness D of the air cushion is small, and when compression is simultane 
over a large area of this thin cushion. The wave front must thus 
approximately plane and parallel to the wall at the moment of impact 
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(4) Waves originally of many quite different forms can conform to this 
ondition, but the maximum vertical width of a thin cushion of enclosed 
ir is of the order of 0-4 times the wave-amplitude 2h. Hence the maximum 
alue of K is, by (1), equal to 0-2 times 2h, and the maximum pressure-rise 
an be written 


2h 
(Pmax — Po) = 0:54pU2—, 


nd so, for any known wave-amplitude and velocity, varies inversely as the 
ickness of the air cushion. 

(5) This thickness D is indefinite, since it is sensitive to the random 
egularities of the surface of the advancing wave front, so that maximum 
ressures cannot easily be calculated. It seems probable that in the very 
isturbed water inevitably found near sea walls during storms, enough air 
; entrained or held on the surface as foam to provide in itself a lower limit 
o the possible values of D, and that a limit is thereby set to the maximum 
hock pressure which can be exerted. This, however, could only be estab- 
shed by full-scale measurements. 
| (6) On the other hand, the impulse J has a definite maximum which is 
ndependent of the air-thickness D, and can be predicted from values dis- 
losed by the model. Per unit area of the wall the impulse is simply 


I = fp.dt = 2pUK, 


nd this has the maximum value 0-8pUh, where 2h denotes the wave- 
mplitude, and U its velocity. The impulse is thus equal to twice the initial 
nomentum pK of the “ kinetic mass ” of water. When maximum impulses 
e compared, full-scale measurements at Dieppe are consistent with those 
nade on the model. 

(7) The main pressure-zone on the wall extends only over the area 
overed by the air cushion. Below the bottom of the cushion the pressures 
ecrease rapidly. In the model the cushions which gave high shock 
ressures extended from the wave top, at a height 2h, to a height 1-2h 
bove the wave trough. The full-scale results from Dieppe seem to indicate 
somewhat lower level for the pressure-zone, but the wall was not vertical, 
nd it was impossible to determine the exact cross section of the waves at 


npact. 


Suacestep Lines FoR FURTHER RESEARCH. 


aboratory Work with the Present Model Wave-tank. 


_ (i) Further pressure-measurements on the previous lines but with 
flected travelling waves of the type shown in Fig. 8 (p. 207), and with —_ 
arying beach conditions, to verify that no larger shock impulses than those 


ready found are likely to occur. 
15 ‘ 
aes io” 
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(ii) Experiments on ribbing the outer wall surface to reduce th 
instantaneous pressure area and the resulting shock momentum. * 

(iii) The mechanical effect of short-period impulses of high peak 
pressure in moving concrete blocks which are variously loaded withl 
superstructure. 

(iv) The flotation-effects of the long-period hydrostatic pressures due 
to the rising clapoti when such pressures are allowed to penetrate into il 
fitting joints; the degree of close fitting necessary to prevent possib 
flotation. J 

(v) Experiments with loose beaches of sand and shingle to asce: a 
the effects of the bottom-movement of breaking waves in building up and 
removing the beach material. This might, in addition, provide usefu 
information on coast-erosion. 


Full-Scale Work. 


(i) The collection of information on the minimum air-content of breal 
ing sea waves in different localities ; the effect of differences in the organi 
and mineral make-up of the water on the permanence and volume of tl 
foam and air-emulsion. 

(ii) Pressure-measurements on sea walls in confirmation of the French 
results, with special reference to the position and extent of the pressur 
zone. 

(ili) Verification of any useful results which may be suggested by th 
above laboratory work. 
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é REPORT OF THE NATIONAL PHYSICAL LABORATORY 
; FOR THE YEAR 1938*. 


a The following notes outline briefly some of the researches at present 
n progress in the Laboratory, which are described in the Report. 

In the Physics Department, progress has been made on the maintenance 
of the International Temperature Scale, and results have been found to be 
in close agreement with determinations of the National Bureau of Standards, 

ashington. A practical method has been devised for measuring the 
femperature of liquid steel. The thermal properties of a number of carbon 
d alloy steels have been determined up to high temperatures. The 
plication of X-ray diffraction to industrial and other problems has been 
ended, including the investigation of the structural changes associated 
ith the fatigue failure of metals and of the effects of cold-working. In- 
vestigation of various problems in architectural acoustics has been con- 
tinued, and many problems of noise-reduction have been studied. The 
study of the surface finish of metals has been continued. 

In the Electricity Department, improvements have been made in the 
methods and equipment used in high-frequency measurements of the 
capacitance and power-factor of dielectrics. The study of the fundamental 
dielectric properties of insulating materials has been continued, and 
tempts have been made to connect the properties with the structure of 
ure materials of known chemical composition. Various problems of 
igh-voltage power-transmission are being studied, and facilities for 
switchgear-testing by the Association of Short-Circuit Testing Authorities 
e now been made available. Research on illumination has included a 
es of experiments undertaken for the Ministry of Transport to deter- 
mine the contrast between objects and the background necessary for safe 
driving at a speed of 30 miles per hour. 

The work of the Radio Department has included the development of a 
constant-frequency oscillator, independent of outside control by mechanical 
r other means; this has been achieved by the design of inductances and 
mdensers unaffected by temperature-change. The study of the source 
nd characteristics of atmospherics has now been brought to a conclusion. 
Oonsiderable attention has been given to the production and propagation 
of ultra-short waves, and the improvement of short-wave direction-finding 
as been continued. 

In addition to the routine work of the Metrology Department, an 
resting investigation has been carried out to explore the possibility 
ascertaining the average temperature of steel survey tapes by obser- 
ations of their electrical resistance. 

_ The long-range investigations on the strength of metals carried out for - 
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many years by the Engineering Department have been continued. ‘ 
work on the behaviour of metals under combined bending and torsio 
fatigue stresses has been advanced, and correlation has been obtai 
between the results of combined-stress fatigue tests with the fatigue lin 
for simple bending stresses and simple torsional stresses. The importance 
of such combined stresses, particularly in aircraft-engine crankshafts, iba 
led to the use of larger specimens for the examination of complex conditions 
of stress. Progress has been made with the fundamental investigation o 
the deformation and fracture of metals, using X-ray diffraction methods tc 
follow the internal changes of structure. The suitability of welding pros 
cesses for pressure-vessels to contain liquefied gases is being investigat 
The study of the strength and causes of failure of chains and components 
of lifting gear, which has been in progress for many years, has now beet 
brought to a conclusion. Problems of ventilation and lubrication have als 
received attention. 
In the Metallurgy Department, much work has been done on alumini 
and magnesium alloys, including studies of the age-hardening properties 
of aluminium-copper alloys and of suitable forging conditions for magnesium 
alloys. Further work has been done on intercrystalline cracking and th 
caustic cracking of boiler plates; a definite theory on the cause of the 
latter phenomenon has now been formulated, and it is hoped shortly tc 
terminate this research. Work is being continued on the creep of metals 
high temperatures, both from the fundamental point of view and to provide 
data relating to the alloy steels used in modern steam power-plant ; the 
Electrical Research Association is collaborating in the latter work. The 
study of refractory materials has been continued, and the technique ¢ 
standardizing Seger cones has been improved. = 
Owing to the heavy demands on the Aerodynamics Department, two 
additional wind-tunnels are being built. Much of the recent work ha 
been on models of new aircraft, and elaborate tests have often been 
required. The behaviour of land flaps and trimming devices has been 
studied, and the research on stability and control has been continued. A 
magnetostriction method for measuring the periodic forces on an oscil 
lating aerofoil has been developed, and is being applied to the measure 
ment of the pitching moment of an aerofoil. The theoretical investigation 
of flutter and buffeting is proceeding. : 
A reduction in the amount of routine testing has enabled more rapi¢ 
progress to be made with the research programme of the William Froud 
Laboratory. Amongst the many problems that have been studied are th 
design of propellers to give a relatively high ratio of revolutions to spee 
of propulsion, the effects of varying the vertical positions of twin screws, 
the effect on resistance of the degree of smoothness or roughness on ships’ 
plating, and problems of hull and propeller-blade vibration. A furth 
stage in the research on the resistance, propulsion, and pitching of shij 
in rough water has been completed, and the general conclusion has been 
reached that the present method of designing screws on data obtained in 
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mooth water is sound in principle. Research on the design of various 
ypes of coasters has been continued. Full-scale investigations have 
icluded a complete series of turning trials on a new twin-screw vessel, 
nd some interesting effects were recorded. 


aid 


"REPORI OF THE BUILDING RESEARCH BOARD FOR 
THE YEAR 1938 *. 


Special attention is given in this Report to the work recently carried 
at on natural and artificial pozzuolanas. The valuable properties of 
ae in protecting cement mortars and concretes from attack by 
phate salts are explained, and it is also pointed out that, owing to their 
fect in retarding heat-evolution, they offer an alternative atonal to low- 
eat Portland cement for use in large dams ; a pozzuolanic cement has been 
mployed in one large dam recently Satrtcrad in America. The pre- 
autions necessary for the effective use of pozzuolanas are explained, and 
ethods of tests have recently been developed which enable the quality 
"a pozzuolana to be determined. Artificial pozzuolanas can now be pro- 
iced in Great Britain from certain clays and from the spent material of 
1¢ Scottish shale oil industry. 
The Building Research Station carries out investigations on building 
terials of all types, amongst which may be mentioned stone, tiles, sand— 
e bricks, asphaltic and bituminous roofing and waterproofing com- 
sitions, cast concrete products, limes and plasters, external rendered 
aishes, and paints. The resistance of brickwork to rain-penetration is 
ceiving careful study by means of a small rain-machine which simulates 
ry desired rainfall with an accompanying wind of 30 miles per hour. The ~ 
ical stability of fired clays is being studied. 
Several important studies relating to cements are in progress. Arrange- 
ents have been made for a large-scale investigation, in collaboration with 
2 Institution, on the deterioration of concrete in soils and ground waters 
in mtaining sulphate salts. The constitution of cement has been studied 
‘the preparation of clinkers of different types under carefully-controlled 
” \ditions, and the differences in the properties of the cements resulting 
e discussed in the Report. In particular, it was found that cements 
Bice from a glassy clinker had a considerably higher resistance to 
tack by sulphate salts than those produced from a crystalline clinker. 
ethods for the determination of free lime in cement and cement-clinker 
e being studied, in co-operation with the American Society for Testing 
erials ; it is now possible to attain reasonable uniformity in the deter- 
ations made by different laboratories and by different methods. Other 
Jems in the mechanism of the setting of cement have also received _ 
n ition. Methods for the determinations of the fineness of Portland — 
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The investigation on the use of foamed blast-furnace slag as an aggre 
for concrete is practically complete, and attention is now being directee 
mainly to air-cooled slag for use both in slag macadam and in concrete. 

The action of sea-water on reinforced concrete is being studied in olla: 
boration with the Committee of The Institution on the Deterioratio: n oO 
Structures Exposed to Sea-Action, and particulars are given in the Rep ori 
of the condition of the numerous test piles which are under observation 
Generally speaking, it appears that a 2-inch cover is advisable, even wi 
rich concretes. _ } 

Among the investigations on structures and on the strength of materials] 
those on the strength and deformation of reinforced-concrete slabs and on 
the behaviour of eccentrically loaded long columns are of interest. Thi 
latter investigation appears so far to show that the relevant requirement 
of the Code of Practice for the Use of Reinforced Concrete in Building, 
are conservative ; the tests are being continued. | 

Progress is being made with the development of a hydraulic helme 
and a peak-stress indicator for the driving of reinforced-concrete pi es 
this work is being carried out in collaboration with The Institut 01 
Another co-operative research with The Institution is the study of thi 
compaction of concrete by vibration; in general it may be said tha: 
improved properties may be obtained in vibrated concretes owing to bl 
lower water-contents that can be used. Instruments for measuring th 
maximum acceleration and amplitude of vibration in concrete are describe 
in the Report. 

In connexion with the proposed revision of the British Standard Speci 
cation for Portland Cement, extensive tests have been carried out on tl 

correlation of tensile and compressive strengths. Discrepancies betwé 
the results obtained by various laboratories appear to be due main 
to differences in the degree of compaction attained by individual operate 
and compaction by a standard method of vibration is therefore suggested 
Preliminary notes are given of a research at present in progress on th 
fatigue of cement mortars. 

Tests have been undertaken in connexion with the preparation } 
British Standard Specification for Load-Bearing Concrete, Brickwork, an 
Masonry, to determine the permissible pressures on concrete and th 
reduction-factors for various slenderness-ratios. The work on reinforé 
brick beams has been extended to determine the utility of simple sk 
reinforcement ; it has been found to increase the strength of beams b 
over 50 per cent. The possibility of corrosion of the reinforcement in su 
beams is also being studied. a | 

Details are given in the Report of a number of full-scale tests on ¢ 
fire-resistance of structural elements, various materials and pro octin 
casings being employed. : . 

The programme of tests on highway bridges, undertaken for a 
Ministry of Transport, has been completed during the year by the se i 
to destruction of Alcester Road South bridge, Birmingham, and by 


ENGINEERING RESEARCH. 231 


eries of tests made on seventeen bridges with a heavily-loaded vehicle. 
saboratory tests have also been made on specimens of materials removed 
rom the bridges previously tested to destruction, and the results are now 
yeing analysed. The research on voussoir arches undertaken at the Im- 


erial College of Science and Technology has been continued by tests on 
in arch of 10 feet span with concrete voussoirs; tests were made with 
ime-mortar joints, cement-mortar joints, and dry joints. The general 
esults show that the arch has a considerable reserve of strength after the 
yppearance of the first crack. 

' Progress during 1938 in the investigation into the impact pressures 
xerted by breaking waves on vertical sea-walls, which is being carried out 
“f Dr. C. M. White and Major R. A. Bagnold at the Imperial College of 
ience and Technology, is described in the Report *. 

_ In connexion with wind pressure on buildings, a series of tests has 
peen carried out on a composite model representing a 4-mile square of 
losely built-up area to determine the effects of interference due to adjacent 
wuildings. The work of analysis is not yet finished, but it appears that 
he wind-loads on a complete structure at the centre of such an area are 
srobably not more than half of what they would be in a fully-exposed site. 
_ The Report gives particulars of several investigations in progress on 
roblems of soil-mechanics ; in particular, considerable success is being 
ditained in the analysis of the stability of earth slopes. The methods 
employed for analysing the settlement of structures are being checked by 
areful investigation of the foundation-conditions of two important new 
sridges; the settlements measured during and after construction will 
srovide a valuable comparison with the calculations. The work on soil- 
mechanics is being supported by the main-line railway companies, the 
London Passenger Transport Board, and The Institution. 

‘A number of investigations in hand cover various aspects of the 
fficiency of buildings from the standpoint of the user. In particular, 
suestions of thermal and accoustic insulation, ventilation, condensation, 
nd illumination are being studied. In addition, a large number of special 
vestigations have been carried out for various trade organizations, 
sommercial firms, consultants, Local Authorities, and Government 


Departments. 


“REPORT OF THE WATER POLLUTION RESEARCH BOARD 
d FOR THE YEAR ENDED 30 JUNE, 1938}. 


_ The Annual Report of the Walter Pollution Research Board again 
emphasizes the necessity for constant vigilance on the part of those 
responsible for the supply of water to the public. Particular mention 
is made of the lessons to be learnt from the serious outbreak of typhoid - 


a * An gecutl Report on this work drawn up by Major R. A. Bagnold is printed on za 
pp. 202-226, ante. = Z 
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and for industrial purposes, on the treatment and disposal of domestia 
sewage and industrial effluents, and on problems of pollution of rivers 
Some of them are briefly discussed in the following notes. ! 

The discovery in the course of the Board’s work that acids, bases, ana 
salts can be removed from solution in water by means of certain synthetid 
resins has aroused widespread interest, and considerable progress has bee 
made in the development of the process for industrial purposes. The mai 
applications of the resins up to the present have included the treatment 0 
water to remove all or part of the dissolved salts ; this had previously beer 
possible only by more expensive methods, such as distillation. Utilization 
of the resins for the removal of valuable substances such as metals from 
very dilute solutions, for example from industrial effluents, and for th 
removal of objectionable substances in very low concentration in wate 
is also being developed rapidly. Recent work under the Board has shown 
that, under certain conditions, fluorides which are sometimes present im 
water in small concentrations may be removed by resins of one type 
the fluorine is not readily removed, however, when other salts usually; 
found in natural waters are present. 

The investigation to determine the average quantity of lead taken up 
by certain types of water from lead pipes and fittings under conditions 03 
household supply has been continued, and tests have been made on seven 
teen services in different parts of England and Scotland. Experiment 
are now in progress on methods of treatment of waters with the object o 
reducing their action on mains and service pipes of different materials. 

One of the most important of the Board’s investigations is the work 
which is being carried out, in collaboration with the milk industry, on the 
treatment and disposal of waste waters from dairies and milk-produet 
factories. In 1935, after preliminary laboratory experiments, the Board 
erected two large-scale experimental plants at a milk-collecting and distr 
buting depot and cheese factory at Ellesmere, Shropshire. Previot 
Annual Reports have shown that milk washings from the depot, which ai 
difficult to treat by the method of biological filtration as ordinarily applic 
at sewage-disposal works, could be satisfactorily purified when passed at @ 
controlled rate through two percolating filters in series, the order of the 
filters in series being reversed periodically in order to prevent the accumu 
lation of excessive amounts of solid matter in the filters. During the pas 
year the waste waters treated have contained whey washings, which ai 
produced during the manufacture of cheese ; these washings are rathe 
more difficult to purify than milk washings, but effluents of excellent quali ty 
have been obtained. The new method of operating percolating filters is 
now in satisfactory operation at a number of milk depots and cheese and 
butter factories. It has also aroused great interest among those con- 
cerned with the treatment and disposal of town sewage ; the Birminghai 
Tame and Rea District Drainage Board has placed a new laboratory and 
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itable large-scale plant at the disposal of the Board in order that treat- 
ent of sewage by the new method may be tried on a large scale. 

The investigation on the discharge of sewage into the estuary of the 
yer Mersey, which was begun in 1933 and occupied about 4 years, has 
en completed, and a comprehensive special report has been published as 
ater Pollution Research Technical Paper No. 7. A full summary of the 
periments, observations, and conclusions is included in the present 
port of the Board. The work was undertaken at the request of various 
al interests, who met the whole of the cost (about £26,000) ; it has led 
the conclusion that the crude sewage discharged into the Mersey has no 
preciable effect on the amount and hardness of the deposits in the 
ary. 

Other investigations described in the Report are concerned with the 
rious processes in methods of sewage-treatment and with the bacteriology 
water-supplies. 


1E RESEARCH WORK OF THE INSTITUTE OF WELDING: 
JUNE, 1939. 


The Symposium on the Welding of Iron and Steel held in 1935, in 
ich seventeen technical societies and institutions participated, focussed 
ention on the need for co-ordinating research on welding and for 
jating additional work to make available the advantages that might be 
ained by its more general use. The Symposium Committee finally 
ommended that research on welding should be carried out under the 
itrol of a standing Research Committee appointed by the Council of the 
titute of Welding, and representative, as far as possible, of other 
erested organizations, which should be responsible for obtaining the 
essary funds. The Research Committee was constituted early 1 in 1937 ; 
as made a close survey of the requirements of industry in respect ef 
welding of iron and steel and the principal non-ferrous metals, and a 
amme of research covering the application of welding over the whole 
d of industry has been started. 
Most of the problems brought out by the Symposium have now been 
med more or less closely. They may be divided into three general 
sses: problems connected with the weldability of the various ferrous 
| non-ferrous metals of construction; problems connected with the 
nique of the application of the various processes; and problems 
ing from the special characteristics of welded joints as they affect the 
hod of design of the structure, machine, or vessel. 
The success of all applications of welding depends on the weldability of 
material on which the welds are made. In the case of mild steel it is 
te that the properties of the material are so little affected by the 
lication of heat that it may be said to be weldable without precautions. 
t other metals and alloys, however, are subject to local alterations 
.' the welding heat. An investigation is therefore being made-on 
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eleven typical high-tensile steels to evaluate the hardening at the wek 
junction, and since the hardened zone at the weld is very small an attem) 
is being made to produce a similar type of structure artificially on a large 
scale by means of taper quench specimens, in order to enable the prope 
of the hardened material to be investigated fully. A study is also b 
made of the effects on weldability of variations in the grain-size of si i 
(due to different methods of production) and of variations in the weldin 
technique. 
The weldability of selected alloy-steels used for pressure-equipment j 
being specially studied, each steel being considered in the form in which 
is most widely used ; metal arc welding, gas welding, and resistance las 
welding are to be covered. The welding of pressure pipe-lines is receivinl 
particular attention, the precautions necessary to avoid the production 
various defects, and the value of various methods of inspection, bein 
studied. | 
Defects in the welding of intermediate alloy steels are often trace 
to some inherent metallurgical feature ; for example, certain chromit 
steels may suffer from the formation of numerous fine cracks close to t 
weld, owing, it is believed, to the phase-changes and consequent volun 
changes. Experimental work on these problems is being carried out 
Birmingham University, and includes the mechanical and microsc@ 
examination of welds and the investigation of dilatation and hardenabi 
The welding of cast iron has not the same commercial importance - 
the welding of steels, but much repair work is done on this material ; t1 
principal difficulties are therefore being studied in the laboratories of 
British Cast Iron Research Association, specimens being prepared in 
foundries of firms which are collaborating. 
The welding of non-ferrous metals is of particular importance in 1 
of their use in many cases where a high resistance to corrosion is desif 
in such cases, the use of welding avoids the introduction of dissimil 
metals, as, for instance, by soldering. A study of existing inform a ik 
has been carried out at the laboratories of the British Non-Ferrous Meté 
Research Association, and experimental work is being commenced with 
investigation into the effect of small quantities of impurities on the wel 
ability of aluminium and copper. 
The phenomena of weld shrinkage and internal stress are of ma’ 
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importance in most welding operations, and fundamental research on the 
problems is being carried out at King’s College, Newcastle. An atten 
is being made to establish a standard test for evaluating the liability 
weld-metal to crack during deposition, and consideration is now bei 
given to a machine which rotates one plate of a fillet-weld test piece duri 
the making of the weld so as to subject the cooling metal to a kno 
strain. Preliminary tests indicate that this method may afford a relial 
indication of the liability of different weld-metal deposits to cracking. 
Experimental work on arc-welding procedure is directed towards 
establishment of standard rules by means of which reliable welding may 
; ’ a 
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sured. Faults in welds may be divided into two principal classes : the 
sible faults, such as incorrect profile, undercutting, overlapping, and sur- 
2e holes ; and the hidden faults such as lack of root penetration, lack of 
sion, porosity, cracks, and slag-inclusions. The visible faults present 
difficulty in detection, and it is considered that proper control of pro- 
- will guard against the occurrence of hidden faults, The First 
rim Report on this research has been published! and indicates that 
equate root penetration may be ensured by the use of a gauge of electrode 
operly proportioned in relation to the size of the fillet applied. 
Methods of preparation of all-weld-metal test specimens are being 
died to determine how truly representative specimens may be pro- 
ced under industrial conditions. 
The application of welding to shipbuilding has made steady progress 
ing the last 8 years, and its advantages are generally recognized, but 
perimental work is required in connexion with the rules governing its 
An investigation has accordingly been put in hand to compare the 
operties of welded and riveted structures in ships, to produce design 
ta for welded construction, and to ascertain the soundest, lightest, and 
bst economical methods of welded construction which can safely be sub- 
tuted for existing riveted types of bulkhead stiffeners, deck beams, shell 
ming, etc. The investigation is being supported by the Shipbuilding 
mference, the Institution of Naval Architects, and the Institution of 
igineers and Shipbuilders in Scotland. Special testing equipment allows 
ds up to 180 tons to be applied to specimens up to 24 feet long and 9 feet 
de; this equipment has been fully described 2. An extensive investi- 
ion has already been carried out on comparable sections of bulkheads 
h welded and riveted construction, and the deflexions of stiffeners, etc., 
deep tank bulkheads of a ship under construction have been observed 
der water-pressure conditions. 
In framed structures one of the principal advantages that can be gained 
the use of welding is the increased rigidity obtainable in connexions. 
e Steel Structures Research Committee investigated the behaviour of 
idly jointed steel frames within the elastic range, and this work is now 
ing extended by the Institute of Welding into the plastic range, in which 
ald occurs at certain sections. Small-scale frames are being tested to 
struction at Bristol University, and it is hoped that it will be possible to 
mmulate a general theory which can be checked later by comparatively 
y tests on full-scale structures. A First Interim Report, including an 
count of the first series of tests on model beams and model welded portal- 
mes, has already been published 3. 


a First Interim Report of the Panel on Arc Welding Procedure. Trans. Institute 
Welding, vol. 2 (1939), No. 2. 


2 First Interim Report of the Panel on Ship Structures. Trans. Institute of ie 


ding, vol. 2 (1939), No. 1, pp. 40-44. ; Z 
3 First Interim Report of the Panel on Framed Structures. Trans. Institute of 
ding, vol. 1 (1938), No. 4, pp. 206-226. . 
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Various problems are being studied ip connexion with the use of weldir 
in plate-girder bridges ; in particular, the stability of compression 
is being studied experimentally at the Engineering Laboratory of 
bridge University. Although a considerable amount of theoretical wo: 
has been carried out on the stiffening of plate-girder webs, the amount ) 
experimental work is small and it has proved difficult to apply the infor na 
tion gained to actual design. An experimental investigation on t i 


stability of webs in welded plate-girders is accordingly being made at 


Imperial College of Science and Technology. 
Considerable economies may be anticipated from the efficient. use 
welding in structural details, and attention is therefore being given 
beam-to-column connexions, column sections, economical column h 
beam-to-beam connexions, and details at joints of rigid frames. Exp n} 
mental work on these problems is being carried out at the Engineerir 
Laboratories of the University of Birmingham. 1 
Many aspects of resistance welding are receiving attention. In p 
ticular, the spot-welding of structural-steel material of the types used 
building construction is being investigated at the instance of the Lond 
County Council. The spot-welding of light alloys is of growing importa: 
in aircraft construction; spot-welds in “ Alclad” and “ Duralum: 
have already been tested, and the work, which is being carried out at 1 
laboratories of the Royal Aircraft Establishment and the North 
Aluminium Company; Ltd., is being extended to other light alloys. 
welded construction in 18/8 stainless steel is also being studied. For p 
tion-welding, attention is being concentrated on the standardization of 
able projections for sheet-thicknesses ranging from 0-02 inch to 0-375 in 
Committees are now being set up to consider problems arising from 1 
use of welding in pressure-vessels, and to study the fatigue of welde 
connexions. 
In addition to the work of the various Committees, the Institut 
Welding maintains an up-to-date information service, in collaboration wi 
the intelligence services of co-operating bodies. The results of the res eal 
work carried out are made available through the Transactions of the Inst 
tute of Welding, and also in the form of research reports publis : 
separately. A quarterly “ Welding Literature Review” gives abstrac 
of the most useful published articles. A 
The Institution has made regular financial contributions to the researc 

_ work of the Institute of Welding, and members of the Research Commit 
and other members of The Institution are assisting in the work of the varion 
Committees. 4 


ae 


‘ 
b: 
2 


MADE AND PRINTED IN GREAT BRITAIN BY WILLIAM CLOWES AND SONS, LIMITED, — 
LONDON AND BECCLES. ee 


